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A pupil's experiences between the ages of 1 1 and 16 probably shape his 
. ultimate view of science and of the natural world.^ During these years 
most youngsters become more adept at thinking conceptually Since 
concepts are at the heart of science, this is the age at which most stu- 
dents first gam the ability to study .science in ?i really organized way. 
.Here, too, the commitment for or against science as an interest or a 
vocation is often made. 

Paradoxically, the students at this critical age have been the ones 
least affected by the recent edbrt to produce new science instructional 
materials. Despite a number oP commendable' efforts to improve the 
situation, the middle years stand today as a comparjilively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and Its ^accompanying mateVial.s represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 

At the outset. the organizers of thd ISCS Project decided that it 
would be shortsighted and unwise to try to- fill the gap in middle 
school science e^lucation by simply ^vriting another textbook. We chose 
mstcad to challenge some of the most firmly established CQpccpis 
iiboui how to teach and just what science material ca^ and should be 
taught to adolescents. The ISCS staff have tended to mistrust vvhat 
authorities believe about schools, teachers, children, and teaching until 
we have had the chance to test these as.sumptions in actual classrooms 
with^real children. As conflicts have ari;sen, our policy has been to rely 
more upon wh^it we -.saw happening in the schools" than upon what 
authorities said could or would happen. It is largely because ofHhis 
H'Sy ihe ISCS materials represent a substantial departure from 
the nor,m. 

The primary difference between the ISCS program and more con- 
ventional approaches is the fact that it alloWs each student <^ travel 



M Ins own pace, and i( pcrmib (he scope and sequence or.ins(.riiciion 
(»o vary with his inierests. abilities, and background. The lSCS^v.r^tcrs 
have syslemntically tried to give the student more oCa role in deciding 
whai he should study next and how soon he should study it. When the 
materials are used as iiilended, the ISCS teacher serves more as. a 
"task easer" than a "las^ master" It is his Job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needy to^kn^w." 

There is nothing radically new ui the ISCS approaolx 10 instruction. 
Outstanding teachers from Socrates to Mark Hopkins have 5,tressed the' 
need to personalize education. ISCS has tried to do something more 
than pay lip service to this goal. ISCS' major contribution has been to 
design a system whereby an average teacher, operating under normaf 
constraints, in an ordinar}' classroom with ordinar}' children, can in- 
deed "give maximum attention . to each student's progress. 

The development of the ISCS material has b?en a group effort from 
the outset. It began in 1962, when outstanding educators met to decide 
what might be done to improve middle-grade science teaching. The 
recommendations of these conferences were converted int^p a tentative 
plan for a set of instructional materials by a small group of Florida 
State University faculty- members. Small-scale writing sessions con- 
ducted on the Florida State campus during 1964 and 1965 resulted in 
pilot curriculum materials that were tested in selected Florida schools 
during the 1965-66 school year. All this preliminary work was sup- 
ported b5' funds generously provided by The Florida Stf^te University. 

^In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the National Science Foundation made sev; 
eral additional grants in support of the ISCS effort. 

The first draft of these materials tvks produced in 1968, durijtig a 
summer writing conference. The conferees were scientists, science 
educators, and -junior high school teachers drawn from all over the 
United States. T\}t original materials have been revised three times 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing. ■ 

We sincerely hope /that the teachers and students who ^yill use this 
material will find th|4t the great amount of time, money, and effort 
that has gone into its development has been worthwhile. 

.... ■ ■ . ■■ ■ "■ . . I 

Tallahassee, Florida The Directors 

February 1972 intermediate science CURRICULUM study 
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to the Student 

• 



The word science means a lot of things. Ail of the meanings arc "right," 
but none are complete. Science is many things and is hard to de- 
scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these things jjmstead of 
describing them with words. The* book describes a . series of .things for 
you to do and think about. We hope that what you do will help you 
learn a good deal about nature and that you will get a feel for how 
scientists tackle problems. 

How l« this book different from other t*xtbook«7 ' 

This book is probably not Uke your other textbooks. To make £my 
sense out of it, you must work with'objects and substances. You should 
do the things described, think about them, and then answer any ques- 
tions asked. Be sure you answer each question as you come to it. 

The qi4esiions in" the book df^ very important. They artT^kc^l for 
three reasons: "-. ' ' 4 ' / - ^. ^ 

1. To help you td think through what you sec and do: / - | 
^2. To let you know whether or not you understand what you've done. ' f 

3. To give you a record of what you hrave done so that you can 
use it for review. 

How will your clatt b« organized? 

Your science class will probably be quite diflTercnt from your other ' 
classes. This book will let you start work^with less help than usual ^ ^ 
from your tcacHer. You should begin each day's work where you left 
off the day before. Any equipment and supplies needed will be wait- 
ing for you. 



Your teacher will noi read (o you or lel! you the ihjngs flrai you-ilrc 
to learn; Insleaci, he will help you ai)d your cla.ssmaies individually. 

Try lo work ahead on your own. If you have trouble, flhst try to 
solve the problem for yourself. Don't ask your teacher for help until 
jou really oeed u. Do not expeci him to.give you the answers to the 
quc$ti6n.s in the book: Your teacher will iry to help' you find where 
and hqw you weftf wrong, but he will not do your wOrk for you. 

Aflcr a few days, .some of your cla.ssmates will be ahead of you and 
others will not be as nic-^n^'QiLs is the way the course is -Supposed' 
to work. Remember, though.^hat there will be no prizes for finishing 
arst. Work at whatever speed is best^for you. But he sure you imcier- 
stand what you hove done befor'e^' moving on. 

ExpursiOns are mentioned at several places: These specjal activities 
are found at the back of (he book. You may slop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you do some of the acti.vities in this book.) Some- 
times, your teacher may ask you to do;an excursion. 

What mm I vxpected to learn? 

During the year, you will work very much as a .scientist does. You 
should learn a lot of worthwhile information. More important, we' 
hope- that you will learn ho.w to ask and answer q.uestions about 
nature. Keep in mind that learning how to find answers to (Questions is 
Just as valuable as learning, the answer<; themselves. 

Keep the big picture in mind, too. Each" chapter builds on ideas 
already dealt with'. These ideas add up to some of the simple but 
powerful concepts thai are so impa,rtanl in' science. If you are given a 
Student. Record Book,' do all your Writing in it. Do not write in this 
book. Use your Record f3ook for making graphs, tables, and 'diagrams 
too. 

From time to time you may notice that your classmates have not 
always given the same answers that you did. ThiV is no cause for 
worry. There are many right answers to some of the questions. And 
m some cases you may not be able to answer (he questions. As a 
matter of fact, no" one. knows the answers to some of them, this may , 
seem disappointing to you at first, but you' will soon realize that there 
IS much that science does not know. In (his course, you will learn 
some of the things we don't knoW as well as what is known. Good luck!. 



Red Eyes apd 
Curly Wings 



Chapter 1 



Has anyone ever told you that you look like your father? '\ ' 

Of your mother? or your brother or your sister? Possibly 

someone, has, because parent's usually pass aJong some of . ' 

their features to their children. But how does this happen? 

Just^how can a parent send a message like "Form blue eyes'%^ 

to an unborn child? What color eyes does the child end up 

with when the message from one parent says "Form blue ^ 

eyes" and the second parent's message says "Form brown ' - 

eyes"? . 

in this unit you will try to answer questions like these. 
In if you will compare the features of parents with those of 
their offspring. You will breed flies, stCidy beans and peas, 
and look closely at some of your own features and those of 
your friends. 

The two ^big questions in this unit that you will try to 
answer are these- ' ' 

1. Is there any pattern to the way features are pas >ed from" ■ 
parents to their ofl'spring'^ 

2. What kind of model will explain how features are 
passed from parents to their offspring? " - 

V 

For the next few weeks, you will breed and observe insects GROWING FRUIT / 

called fruit /lies. Much of whatjwe know about how features FLIES , 

are passed along has come from studies of fruit flies. Your * \ 

problem is to compare the features of parent flies.with those • 

"grandchildren." Getting the 
"grandchildren" will take about four weeks because it takes 

fruit flies a^out two weeks to produce oflspring. ' - . 1 

14 ' ' ■ 



To fully understand what you will do. you need to know 
how phints and animals reproduce. To find out if you do, 
answer the foUoxving checj^up questions. 

CHECKUP 

1. Whal is n ,"sperm"? 

2. What is an ",cgg"'/ 

•3. What happens wHien a male anima! and fepiafc animal 
' maie"^ 

4. How do plants produce seeds? 

Check your answers by quickly reading through Excurvlon 
1-1. 




ACTIVITY 1-1. Pick up a #1 vl?!. The vial should contain 5 
or 6 fruit flies. Write your name, your class, and the date on 
the vial's label. Do not remove the cap yet. 



DAVID BROWN 

CLASS 4 
9-15-72 



Note Take good care of your JIies._ The flies in vial #1 are 
yours alone. Yqu must keep (hem alive and healthy for the 
^next four weeks. 

Before you can study the features of your flies, you will 
have to know how to slow them down without hurting them. 
You also must learn how to tell male flies from female flies 
and how to prepare food for the flies. The next few activities 
will teach you these things. Work on these activities with a 
partner. 
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Time Caution Do not begin the next activit}\unless you have 
at least 30 minutes of class time left. 



It's. pretty hard (o see the fenturcs of Yfiiit flics in your vial 
because (hey move so fast. It's fairly easy, however, to slow 
^down the flics xVuhout kiiluig \\\cm. You just put ihem to 
sleep with ether. Ih' sure fo foUow t/use directioris curcfuHy. 
Too much ether will kill your /lies. 

Caution Ether is not" dani^erous when used prope rly, but: 

1. sure therf; are NO Jlames in your room. Ether fumes 
cMi be explosive. 

2. Air should /nove through your room easily. . 

J. Keep the ether bottle capped when you aren't using it. 

4. Don 7 breathe the ether fumes yourself. 
■ .s 

To learn to slow fruit flics, you will need your vial #1 
and these uia(er(als: 

I plastic bottle Cbntaining ether 

I etherizer (madeVrom j^.-fuoptl, string, and a 50-ml plastic 

beaker) \ . C 

I white card \ 
. I hand len,^ ' % 



J small brush 
I petri-dish lid 



1 



USING A 

' M SLOWER" 



If no finished^ etherizer is available, you will have to build 
your own. Activity 1-2 shows'how to do this, and Activities 
1-3 through 1-7 (ell you how to use jt. 

ACTIVITY 1-2. Build the etherizer as shown. Be sure to bend 

the end of the funnel outward. \ 



Bend out the end 
of the funnel stem 
with a pencil. 
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0 ACTIVITY 1-3. Add 3 or 4 droj/a of ether to the itrlng. Im- 
mediately place the funnel In the 50-ml beaker. TuVn the funnel 




ACJIVITY 1-4. Gently tap your vial #1 on a book to knock 
all the filet to the bottom. 




ACTIVITY 1-5. Tap th^vlal whenever necessary to keep the 
files near the bottom. Quickly remove the cap from the vial 
and sdt the etherizer over the opening as shown. 
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ACTIVITY 1-6- Quickly tip the two containers as shown. Tap 
th# vial gently until all the flies t^rop into the beaker. 




ACTIVITY 1-7. Replaice the cap on the vial and set It aside. 
Put your finger ovei" the ppening In the funnel to trap the ether 
fumes. As s<y>n as the flies stop moving, remove the funnel 
and pour the flies onto a whJte card. Warning: Do not over- 
etherize your flies or they will die. T"^'^ 

You can tell if you've overetherized a fty by its out- 
'strctched wings. If you kill any flies, get rid of them. Your 
teacher wilhtell you where to put dead flies. 

Figure 1-1 

Do your flies twitch? Flics ofiens^vitch during sleep. So 
don*t worry if one moves. But if a fty^ should start, to walk, 
place a, drop of ether on ihcxard near the fly. Then cover 
the drop and the fly with (he . (id of a petri dishjfor a moment 
until the fly goes back to sleep. 






DcHrmc black tail end 


Lighter (ail end 


Blunt lail end / 


Pointed (ail end 



















Table 1-1 



. To do many of the activities in this unit, you must' be able 
to tell the sex of ni^es. Before going on, be'certcyn that you 
can tell the difference between male and female flies. Figure 
1-2 will help you do this. You may also want to check with 
your teacher on this. ■ \ 

Figure 1-2 




Now you are almost ready to mate (cross) some of your flies.. 
Before you do, though, you should know that not everyone 
in your class has flies with the same features. Some people 
have flies with red eyes, while others have brown-eyed flies. 
Aiso, some flies have straight wings and some have curly 
wings. Compare your description of your flies (question I- 1) 
with your classmate's descriptions. Find a partner whose flies 
diffci" from yours in eye color and ^ng shape. 

□ 1-4. Describe exactly how the features of the two sets of 
flics difTer by completing Table 1-2 in your Record Book 



Ventral view ot 




male atxlomen 



Ventral view ot 




female abdomen 
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1 ciuurcs 


Voiir V\i\\ £r 1 


Parlncr's Vial :ft 1 


Shape of wingi* 






tyc color 


—J 





Table 1-2 

You will read the term pure strain a lot in this unit. Here's 
what it means. When twQ flies (Vprij^jL pill^ iimin for red 
eye color are mated, all their oflTspring will have red eyes. 
If two of these offspring are mated, (hjn their offspring aJso 
will have red eyes. Similarly, the parents and grandparents 
of- the pure^slrain flies had to have red eyes/ (See Figure 
1-3.) In a no^pure strain of flies, other eye colors might show 
up in the offspring. 



Figure 1-3 



strain 1 




□ 1-5. Give 



/ 



/ 



im operational deanition q( pure strain. 



If you have forgotten wlv)t an operational definition is and 
how to write oni, turn to Excursion 1-2. 

□ Suppose you mated a ^red^eyed, curlv-winged fruit fly 
with a brown-eyed; long-winged frn'it fly.'jf both flies are 
from a pure strain, what color e^'es and what shape wings 
do you pretiictVhat the oflspring will have? 

Shortly you will test your prediction. To make the test 
you^wUI mate some of ypur male flies with a classmate's 
female fl^es (or vMce versa). Then^you will compi)re the fea- 
tures of the offsprmg with those of the parent flies.' Fieure 
1-4 shows the plan. , r. , . 




Ortspring 



Fomale (lies 



Figure 1-4 



•J->,-\::' 



A classmate's 
pyre strain 
flios 



■ When you put your flies, with your classmate's flies of the 
opposite sex, you hope they will mate and produce ofTsprihe 
But suppose the female flies had already mated before you 
put the flies together. Then the parents of the oflfspring 
produced would be from the same pure strain, not from twb 
different pure strains (yours and your classmate's).; ; 

□ 1-7. Suppose this happened. What do you predict the 
oflTspring would look like? " 

Fortunately, female fruit flies cannot mate for at least ten 
hours after they hatch.' So if you select, for your experiment ' 
female flies that have been adults (or )ess than ten' hours, 

k b» '^^^^ ^^^y ^^"^^ "ot mated. Such flies are 

^■"^ ■' called "virgin females," , ' , 



MATiriG YOUR 
FRUIT FLIES 
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Firsi you need to clear your vial and your partner's viaJ 
of all female flies that may already have mated. Activity 1-8 
will show you how to do this. But before you do the frame, 
you need to check your timing. Z' 

The tyick is to clear your vial and your partnof's, five (o 
ten hours before you plan to cross flics from^the (wo yials. 
4sk your teacher for help on timing" this correctly. Tabic 1-3 
will Ijelp you and your teacher to plan properly. Do not try 
to plan your clearing time M'ithouf your teacher's help. 

Tabl» 1-3 > , - 



• CLEAR tNG CHART 



If you pinn your 


Yon must clear the 1 


'cmalc from vta! I 


mating to. start at 


— no cnrlicr than 


—no la(er than 


7 A.M.' ThXirs.^ 


9 P.M. Wed. 


2 A.M Thurs. -I 


8 A-M.* Thurs. 


10 P.M. Wed. 


3 A.M. Xhtirs. 


9 A.M.* Thurs. 


"^^^ M P.M. Wed. 


4 A.M. Thilrs, 


iO Thurs. 


12 P.M. Wed. 


5 A-M. Thure. 


\, 1 1 A-WL* Thurs. 


1 A.M. Thurs. 


6 A^M. Thurs. 


12 A.M.* Thurs. 


2 A.M. Thurs. 


7 A.M. Thurs. 


1 P.M. Thurs. 


3 A.M. Thurs. 


8 A.M. Thurs. 


2 P.M. Thurs. 


4 A.M- Thurs. 


^9 A.M. Thurs. 


3 p,x Thurs. 


5 A.M. Thurs. 


10 A-M. Thurs, 


; 4 P.M. Thurs. 


6 A-Af Thurs. 


1 1 A.M. Thurs. 
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* ff your class mtr/s during onr of the starred hours, you will probably Mve r ' 
• to do the clearing at home, 

. When the clearing time that you and your teacher have 
planned arrives, go ahead with clearing your vial and your 
partner's.. Activity 1-8 will show you how clearing is done. 

ACTIVITY 1-8. Five to ten hourf b^for yj^ourp lanned m ating, 
yoM thould do tha followlny : '■ ~' 

1. Uncap an empty vlai. 

2. Tap vial #1 until the fli#s are on th« bottom. 

3. Uncap vial #1. Quickly turn the empty vial over the 
openly, . . 

4. tap iW'elde of vial #1 until ail the filet fly Into the empty 

.■. ■ ' " ■. 

5. Quickly recap the new vial. 

6. R^ap pnd ke«p vlal #1. 

7. Give the new vial of file* to your teacher. " 



\ t 



?3 




Tap vini # t until ndults 
fly Into the empty 
vial above. " 




Qlv« tha new vial 
to your teacher. 



If your class meets early \x\ ^the morning, you may have 
had to takt: the vials hbme taf U6'the transferring there. -If 
you do this, return the new vial to your teacher the next 
morning. 

In the food .material at the bottom of vHlal #1 are fruit 
flies at va|loUs stages of their life cycles. New adults should 
hatch within' five to ten hours. These are the flies you will 
usc^for your mating experiment. If you have to wait for new 
adults, go ah^ad with Activity 1-9. Then read ahead in the 
next section, "What Happens Next?'' to learn about the 
details of how fruit flies develop, ' 

V Before you begi^n your mating experiment, you need to 
prepare vial #2 ct)ntaining fly food. To do this you will need 
thcfsc items: . 



4 ml water 



/ I clean ennpty vial with cap 
^ 1 straight pin 
^ \ SD-ml plastic beaker 
1 packet of fly food 



ACTIVITY 1-9, Add 6 mi of food and 4 ml of water to the 
plastic vial. Add to this vial (vial #2) a label with yotir name, 
your clatt, and the date. 
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ACTIVITY 1-10. Lei the fly food-stand a few minules to absorb 
the water. Then tap the vial gently to settle the food. 




Push one end 
into the tly food 



ACTIVITY 1-11. Cut a thin strip of paper and push one end 
Into the fly food. 




Make 25-30 small holes. 
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ACTIVITY 1-12. With the straight pin, pqnch 25-30 small air 
holes In the v(al cap. Warning: Dp not make the holes, big 
ehough to let the flies out. ^ 



?5 



mm 



You are now ready to male sofne of your female Mies with 
a classmafc's.malesjor some of your malc5 with a classmate's 
females). Remcmber-lhat your partner nSust have llics witfl 
different eye color and w.ng shape tha.n yours. You will .each 
need these things: " - 

I vial #1 (from which all adult flics were removcfd 5 to 

10 'hours before) 
I viiU #2- containing food 
1 etherizer 
I white card 
1 p%tri~dish lid. 
I brush 

Before going on, you and your pawner should review the 
directions for^etheriz.ing fruit flies .in Activities 1-2 through. 
1-7. When adult flies appear in the two vials #1, go ahead 
with the following activity frames. 

Note Acfiuidei 1-13 (hrougl, 1-16 should be done BEFORE' 
your newly hcuched /lies are fen hours old Furthermore, they 
should be started in midweek unless the plan you\>orked out 
with your teacher calls for you to work on the weekend! 

ACTIVITY 1-13. Etherize the adult flies In your vial #1 and 
place them on a white card. 



vial 1 




D 
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ACTIVITY 1-14. PiBcm In the cap of vial #2 five of your curty- 
y^ng^d virgin female flies and five pf your partner t straight- 
winged male files. (Do not try to mate curly wl n^ed ;nalea with 
your atraiy hte d wln^ed femalea.) 



0 curly-wlng©d female filet 
(They wlU have red ey«e.) 




5 strolght-winood male filet 
(They will have brown eyet.) 



Cap from vial #2 

ACTIVITY 1«15. Preea vial #2 Into ftt cap, Be careful not to 
harm any filet In the process. Leave the vial upside down until 
the files wake up. 





ACTIVITY 1-16. Return any of your (not yoijr partner's) un- 
used files toMhe cap of vial #l7yfess vial #1 into this cap. 
Leave upside down until the flies wake up. Return vial #1 
to your teacher. 




hi 



Cap from vial #i 
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Make a smaller label like the one shown in Fig. 1-5. Re- 
place (he label on vial #2 wiih (his new one. Write the same 
information in Fig. 1-5 ofyour Record Book. Under Feature, 
you should write either the eye color (brown or red) or the 
wing shape (curly oj straight) ofyour flie.s. 

Figure 1-5 



Mating: 



Sex 



f-caturc 



X 



Sex 



Fen lure 



Your Name: 
Dfttc: 



Class Seclion: _ 



Via! #2 



Dcpcndihg upon the temperature ofyour classroom, it will 
be ten to fourteen days until the parent flies in vial #2 
produce adult oflspHng. During Ihat period they will go 
.through what is called a life cycle. The stages in that life 
cycle are outlined below. 

Soon ^fler mating, the female fly will lay tiny v^ite eggs 
on the food in vial #2. If you look closely with a hand lens," 
you will be able to see the eggs. They look like those in A 
of Figure F6. 



20 X Hfo sizo 



FRUIT FLY LtF*|CYCLE 



WHAT HAPPENS NEXT? 



8 X life size 




3 X life tize 



7 X life size 



About six days after mating, small wormlike creatures 
called lar\jae will come out of the eggs. You will see them 
crawling through the food. They will look like the drawing 



Figure '1-6 
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in B of f-igure 1-6. IVhen yon .we larvae, you should remove 
all (he adult flies from viol Acfiuify J-8 will show you 
how (0 do (his. 

When the larvae a<e aboiH two or three days old, they 
v^'ill begin to move uptixc side of vial #2 and form a shell 
around themselves. When the brown shell is complete, the 
fruit flies arc called pupae. Pupae look like C in Figure 1-6. 
They will be easy for you to find because of theii" brown 
color. 

--Some time -bet\Nxcn the tenth and fourteenth -day after 
mating, the pupae will spill open and out will come the adult 
oflspring. that you want to study. 

Here's a schedule (Table 1-4) for the next couple of weeks. 
It tells you what you will see in your vial #2 and what you 
should be doing for the experiment. Keep in mind that not 
all fruit flies develop at the same rate. The Time column 
in the chart will probably not be exact for your flics. You 
should be at the Day 2 point right now/ 



\ 



Table 1-4 



Time V 


Event 


Day ! • 


Via! ^ 1 cleared of adu!l$ 
\ Vial #2 prepared 


Day 2 


Males and virgin fcmajes put in vial #2 , 


Day 8 


Larvae appear.^ 
ALL PARENT FLIES 
REMOVED 


Day 10 


i ■ ■ 

Pupae appear 


Day 14 


Adult oflTspring appcar^\ijal :ff:2 



KEEP TRACK OF 
jrOUR FRUIT FLIES 
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Your teacher will tell you where to keep your flies while you 
.wait for them to develop. While you wait, you will be doin^^ 
other activities. Bui you are to check your vial every day and 
keep track of how the life cycle is conung along. A chart like 
Table 1-5 is in your Record Book. You are to record the 
date on which you observe or do the things listed on the 
chart. 



i 
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FIRST-GLNLRATION PLANNING CHArT 



Hvcni 


Dale L^onc or Obser\cd 


Vial :pf 1 cleared oT iulul(i 




-Viftl ^2 prepared 




Males & virgin females put 
in vial 




Eggs obserNed 




Larvae observed 




Parent flics cleared from vial :rr2 




Pupae observed 


— -J 


Adults observed ^"^ 





Table 1-5 

.While you wail for your fruit flies to develop, you should 
go on with Chapters 2 and 3. But before you do, quickly 
read through the rest of this chapter. 

This will give you an idea of the things that you must do 
for the fruit-fly experiment. If you have any questions about 
the chart or the rest of this chapter, discuss them with your 
teacher now! " \ "\ • , 



Right now ... 

Check (he first-generation planning chart (Table 1-5) in 
your Record Book i\nd put a uaie next to anything you have 
already done or seen. 

When your larvae appear in vial iff: 2 you should: 

1. Record the day in the first-generation planning chart. 

2. FolloW^the directions in Activity i-17 for clearing the 
vial of adult flies. 
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ACTIVITY 1-17. Remove the parent flies from vial #2 by follow- 
ing the directions given In Activity 1-8. 



Don't forget to enter in your planning chart the day that 
you first notice pupae in your vial. Pupae are brown objects 
that usually stick to the side of the vial. 

When^new fiduUs appear in viol #2 you should: 

i. Record the day in your first-generation planning chart. 
• 2. Do the activities from here through page 20 at once, 

ACTIVITY 1-18. When you have 20 or more offspring, etherize 
rind observe them. Record in Table 1-6 either the files' eye 
color o^ their wing shape. (See Figure 1-5.) Record also the 
number of flies that show the Variation. 




/ 
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Table 1-6 


^ Eye Color or Wing Shape 


Number of Flics 






i 






□ Summarize the results of your experiment in Tabic 
1-7 of your Record Book. 



T«bl« 1-7 



1 


Feature Variation 




(Stole ^x_c-CQlQr or wuiy^-shape oonoiton.) 


Parents 




First-gcncralion 




ofTspring 





□ How well do your results agree with your prediction 
in question 1-6? . 

□ 1-10. How does what you saw with fruit flies compare with 
y what you saw with beans and peas (Chapters 2 and 3)? 

Compare the. length of the ^fe cycle described in your 
ftrjit-gene ration planning chart (Table 1-5) with the times- 
found by some of your classmates. Did everyone in the class 
have the same life-cycle time? If not, what do you think may 
have jnfluenced the length of the life cycle? You might want 
to try Excursion 1-3. You will discover one possible answer 
there. 

□ 1-11- Next you will mate some of your male offspring with 
some of your female offspring. Predict what you think their 
offspring will look like. If you predict that you will get more 
than one kind of fly, what number of each kind do you 
expect? 



In your Record Book, describe the way you plan to do' the 
cross between male and female flies from vial #2. The 
procedure should be^very much the same as the one you 
followed in your firsf 'cross;, so you can get some clues by 
reading back over what you did (pages 9-11). If you have 
trouble, ask your teacher or a classmate for help. 

When you have described your plan, discuss it with your 
teacher. When he approves, go ahead with the experiment. 
Once again, keep track of the days when things happen and 
(when you do things. Do this in the second-generation plan- 
ning chart in your R^ord Book (Table 1-8). ■ 



ANOTHER GENERATION 
OF FLIES 
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SCCOND-GI?.NtHAT10N PLANNING CHART 



\ > . ■ 


Uaic Uonc or Observed 


> uij :ct z cjcnrcci oi nouns 




> »af jr J prcpUiCCi 




Males & N'irgin fciiMtlcs put in 
vial ^3 ^ 


r- — - — — — ■ ^ 


Egg.s oJ?scrvcd 




~ ^ Liirvftc Obschi'cd 




Pal^nt flics clcnrcd i\oiu vial 




Pupae observed 

■ ; 1 , . ■■' . : \ * . I 









Table 1-8 



Gonlinue with later '^rhaptcrs while you wait for your 
second-generation flies Iq emerge. Observe your vials of flics 
daily. When the second-generation fljes appear, return to this 
chapter and complete the next section. 



Note Do not go on to ihe next section until you fiave at least 
60 second-generation offering. This will tal^e about t\\>o weeks. 
Jn the meantime, go on with the next several chapters. ^ 



GRANDCHILDREN BY 
THE THOUSANDS 
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Before you go on, let's be sure you know where you've been. 
Figure 1-7 diagrams your entire fjfuit-fly experiment. 

First you found a neighbor whose flies were different from 
yours in terms of wing shape or eye color. Then you crossed 
some of his flies with your flies, These were the parent flies 
for your experijmeht. 

Then you looked at the oflTspring. You should have found 
that they all had either straight wings or red eyes. Fmally 
you crossed a jnale and a female from among the oftspring. 

Now you will find out what the eyes or wings of the second 
generation look like. You will decide whether the two-bit- 
model you study in Chapter 4 can explain thefruit-fly data 
you've collected. 



Brown «ye 



Rod eye 




or 



or 



Figure 1-7 



I 



StraIgN wing 



Curly wing 




ACTIVITY 1-19. Etherize your second-generation flies and 
check their features. Record your observations In Table 1-9 
of your Record Book. Return the flies to the vial when through 
with them. 



■hrt>i0 1-9 





R^turc Variation 
(Sfafe what eye colors and uing shapes you find.) 


Parents 


U- 


Sccond-gcncraiio.n 
oflTspring 

■ ~t — ' 






<fts- 

I ^ 1^ Perhaps you would like (o know what the chances arc of 

•^■^•^^^•'^ r gelling one bit of information or another. Ifso, tr}' Excursion 



1-4. 
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□ 1-12. How well do your results agree with the prediction 
you made in question l-ll? 

LJ1-13. Explain what you obsen'ed in the second generation 
in terms of the rwo-bit model. 

From time to time in this unit, you wilj be asked to do 
Problem Breaks. These are problems for you to solve, without 
much help from your book or your teacher. The problems 
will usually help you understand what you are studying in 
the chapter. But tJiat's not their major purpose. They arc 
designed to give you practice in problem solving and in 
setting up yonr own experiments, You should try every Prob- 
lem Break—even the tough ones. And in most cases, you 
should have your teacher approve your plan before trying 
it. The first Problem Break in this unit is coming up next. 



PROBLEM BREAK 1-1 

E^xamine your second-generation flies very carefully. Try 
to find some feature (other than the one you studied) that 
differs from fly to fly. When you find such a feature, detcr- 
\ mine the ratio of one type Of fly to the other. Then try to 
( figure out what the parents and grandparents of these flics 
Ijnight have lo6ked like in ternis of the feature selected. Here 
is some information that yo.u may find helpfXil. 

1. The description you made of your original flics (Sec 
page 6.) ' 

2. The results your partner got from the cross of his flics 
with yours (See page 18.) 

3. Your partner's description of his original flics 

Describe your results in your Record Book. 





So far the two-bit model has explained how many (but 
not all) of the features arc passed from parents to their 
offspring. Scientists who study these problems have found 
this too. 1 hey have been able to expand this model to explain 
every situation they have come across so far. The two-bit 
model was propo^sed about a hundred years ago and is still 
the basis of the science called genetics. It is Sonsidered^o 
be one of the most powerful models in all of science. 

Now your work with fruit flies is complete. You should 
now return to the place 'in your book where you last, left 
off. Before you do though, be sure that all your fruit-fly 
supphes are cleaned and put back where: they belong. Give 
any living flies to your teacher for disposal. ^ . ^ 

Before going on, do Self-Evaluation l^fn your Record 
Book. 
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That's Using Chapter 2 

the Old Bean 



At this point you're trying to do two things at once— keep 
track of your developing fruit flies and take a look at in- 
heritance in another kind of Hving thing, the bean p!a(it. 
Once again you will be trying to find some pattern in the 
way features are passed from parents to offspring. 

Unfortunately, plants grow so slowly that it would take 
months for you to experiment with beans in the same way 
you are experimenting with fruit flies. To save time, you will 
be given some beans like the ones you would get if you 
actually grew plants. ' 

To begin, you will need a box labeled "Bean Experiment." 
Check to be sure the box contains these items: 

1 viaJ labeled "Parents" 
I vial labeled "First Generation" 
1 bag labeled "Second Generation" 
I 50-ml plastic beaker 




ACTIVITY 2-1. Examin* th« two b«ans In th« vial lfcb«l«d 
"PaiwU." 
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□ 2-1. In what ways arc the" beans dinTercnt from each other? 



Take a look ai your answer to question 2-1. If you listed 
sex as one of the diflercnces between the beans, you arc 
wrong. One of the beans is ;)onhe male parent, and the other 
is npi the female parent, If you made this mistake, you would 
really gain by doing Excursion 1-1 again. 

In answering question 2-1, you could have listed a dozen 
or more features as different— size, weight, color, spoltedness, 
and thickness of coat, to name just a few. Your problem is 
to I17 to Tmd a pattern in the way features like these arc 
passed from parents to offspring. * 

If you tried to keep up with all possible features at the 
same time, the problem would be pretty tough. But there 
is an easier way. Rather than tr)'ing to fallow all features, 
you can concentrate on just one feature— color. 

The two kinds of seed you've seen have come from two 
differtnt plants that were pure straiils for seed color. Let's 
rev^e^v what this means. Plants grown from pure-strain beans 
for cQlor always produce offspring with beans of the same 
color as the parent bean's. Figure 2-1 shows this. 



Figur* 2-1 




Pur»-8traln brown s«ed 



Pure-strain brown seed offsprtng- 
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In your experiment, plants grown from pure-strain white 
beans were crossed .>vith plants grown from pure-strain brown 
beans. Then the offspring beans were picked. A sample of 
the beans that were picked is in the vial labeled "First Gen- 
eration." - 



First o«nerntion 





ACTIVITY 2-2. Examine the b«ans In lh« vial l«b«l«d "First 
Q«n«r«llon. ' 



□ 2-^. Which parent bean color was the same as the color 
of these ftr^t-generation beans? ' 

□ 2-3. Which, parent bean color did not shovv up in the 
ftrsl-gcncration beans? ■ 

The next step in the experiment was to plant the ftrst- 
gcncration beans. The plants that^rew were then crossed, 
and a second generation of beans v^s picked. A few of the 
second-generation beans are in the\bag labeJed "Second 
Generation." ^ 



□ 2-4. Before opening the bag, try to ^predict the color of 
th^^cans ii^ it. \ 

ACTIVITY 2-3^ Open the bag and examine a few beans from 
the second generation. 




□ 2-5. Describe the color of the beans in the sccond- 
gcnci-ation bag. ... 

Compare your observation with your prediction above. 
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□ 2-«. In this second generation, arc there more brown beans 
or more white beans? 



Reminder 



Did you check your fruU flies ioday? 



You may have read how television networks find out bow 
many people waich^ a certain program. They do not caJJ 
everyone in the broadcast area. Instead, they call onJy a small 
miinbcr of people. They assume that this "sampie" of people 
will tell them^^somcthing about the program preferences of 
all the people iji the area. Let's apply this idea to your study 
of inheritance in beans. 

ACTIVITY 2-4. Stir the beant In the .econd^eneratlon tuig 
Without looking, take out 2 full beaker* of beant. Examine 
them and fill In the first two column* of Table 2-1 In your 
Record Book. Then pour the beana back Into the bag 




The two beakers of -beans are a sample of the beans in 
your bag. The bag of beans, in turn, is a sample of the entire 
second generation. If j||r sample is a good, one, itcan teU 
you something about tBifeatures of all the second^^neration 
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Table 2-1 



SAMPLE COUNT OF SECOND-GENERATION BEANS 



1^. 



Brown Beans 


White Beans 


Ratio 









One of .the writers of this book took a sample of secot\cl- 
gcncration beafns jusi as you did, (But his sample was larger. 
It contained 721 brown beans and 238 Aite beans. To calcu- 
late a'simple ratio, he divided both these numbers (721 and 
238) by the smaller number (238), like this: 

Brown beans to white beans =: 721 to 238 

= m m 

Rough ratio = 3.03 to 1 

Thc'Vntcr's sample contained about three brown beans for 
every one white bean. 

Rounding off his answer gives a ratio of about 3 to I. 

If you don't understand how this calculation was made, 
see Excursion 2-1, "Ratio Simplified." ' ^ I^Kiil j 




□ 2-7. Using the data from Table 2-1, calculate a ratio for 
your sample of second-generation beans. If you have trouble, 
turn to Excursion 2-1. 

Number of brown beans 

to white beans ~ ^ to 

.Rough ratio =: to 

Rounded-off ratio = to ^ 



□2-8. How does your ratio compare with our writer's? 

■< . ■ ' 

Figure 2-2 diagrairis the experiment you have just stuflied. 
Notice that the colors of the first- and second-generation 
beans arc not labeled. 



□2-9. Study tjhe diagram carefully and add the missing in- 
formation on bean color and ratio. 
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Brown beiin 



While bean 



Parent pinnts 



Flrst-generRtlon beans 



Pir«l generation 
plants 



Second -gene rait Ion 
beans 




What color were the 
flrsl-gonoratlon beans? 



^ What color were the 
second-generation Beans? 



Ratio =: 



brown 



to,. 



white 



Figure 2-2 



CHAPTER 2 



Note hi this example, and throughout the utiit^ the symbol 
X is used to mean a mating or a crossing. 

At this point/you might be asking several questions: 

1. Why were all the first-generation beans brown even 
though one parent was a pure strain for white and the 
other parent was a pure strain for brown? 

2. Why were soinos^econd-generation beans white even 
though both parems produced brown beans? 

3. Js there anything special about the 3-to- 1 ratio of brown 
beans to white beans in the second generation? 

4. Do yc^get similar re.sults Avhen you cross other plants 
and ariimals? 

These are some of the questions you*ll be trying to answer 
in the next several chapters. Keep them in mind as you. 
proceed. 



PROBLEM BREAK 2-1 

An ear of corn contains a loj of kernels. Each kernel is 
a separate seccj that can grow into a new plant. The cars 
of corn shown in Figure 2-3 represent three generations. Two 
difTcrcnt pure-strain parents produce a first generation. A 
second-generation offspring wa.s- produced from a^ Cross of 
first-generation plants. 

Figure 2-3 




Study Figure 2-3 carefully. From your observations, dia- 
gram a pattern of inheritance for the corn seeds like the 
diagram for bean seeds given in Figure 2-2. How does the 
ratio of colors in the second generation of corn seeds comparo 
with the one you found for bean seeds? -A 

Record your findings in your Record Book. 

■1 . ' ■ I 

Reminder Don 't for gel to watch your fruit flies doily. Before 
going on, check your calendar to see where you are in your 
fn^it-fly experiments. ^ 



Before going on, do Self-Evaluation 2 In your Record 
Book. 
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Watch Your Peas and Q's Chapter 3 



In the last chapter, yon obsen^ed how features in beans are 
passed from parents to offspring. By thinking about only one 
feature— color— you found a pattern of inJheritance. Let's 
review what you did. 

1. Pure-strain brown X Pure-sirain brown 

When pure-strain brown-bean plants were mated with 
pure-strain brown-bean plants, only pure-strain brown- 
bcaff^ offspring resulted. Similarly, a cross between 
\^ ^ pure-strain white-bean parents produced only pure- 
strain white-bean offspring. (See 'Figure 2-1.) 

2. Pure-strain brown X Pure-strain white 

Vou saw a different pattern when plants grown from 
pure-strain >rown beans were mated with oiies grown 
from pure-strain white beans. In this case, only browr. 
beans showed up in the first generation. But when plants 
grown from the first-generation brown beans were 
mated, boHh brown beans and white beans showed up 
in the second generation. There were three brown beans 
for every one white bean. (See Figure 2-2.) 

Does this pattern hold for other bean-plant features? Does 
it hold for other plants and animals? If it doe&^ou could 
use it to make predictions about the offspring oplther sets 
» of parents. • ' » 

Let's try to use the pattern to predict the inheritance ,of 
features in^arden peas. If pea plants and bean plants follow 
the sanie pattern in passing features to their offspring, your 
predictions should be accurate. 
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To begin ihe acflvify. you will need Ihc following items: 

6 packages of pea seed, numbered I to 6 
(Do not open these until told to do so.) 
I pctri dish 

V ACTIVITY 3-1. Open package #1; pour the p^ from th« 

package Into the petri dish. After answering question. 3-1 
through 3-3. return the peat to the package. 
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□ 3-11 List at least two features common to all the peas in 
package # 1 . 

□ 3-2. Can you teil^y looking at these peas whether or not 
they are from a pure strain? Explain your answer. ^ 

□ 3-3. Suppose two of these peas were planted and the re-' 
sultmg plants were crossed. What features do you predict 
the next generation would have? ^ 

' " ■ 

. Like the bean plants in Chapter 2, pea plants would take 
months to produce another generation. Therefore, you will 
J4gam work with peas gotten from an experiment done by 
someone else. The peas you study will look just like the ones 
that the original eacperimcntcr used. 

First, peas like the ones in package # 1 were planted; then 
the plants that grew were crossed. The offspring plants pro- 
duced peas like the ones in pa.ckage ^2. (See Figure 3-1 ) 




^lgur# 3-1 



P!ant»d seeds 

from pnckoge f t 



■ ^ 



Adult plants 



Flr»t-gener9tlon seeds 
from package #2 

« 

ACTIVITY 3-2. Open package #2. Examine the flrst- 
g«n«ratlon peas. Return the peas to the bag a«er answering 
questions 3-4 and 3-5. 

□ 3-4. How do the features of the first-generation peas in 
package #2 compare with the features of the parent- 
generation peas in package #1? 

□ 3-5. How do the features you see in the ftrst-gencration 
peas compare with the prediction you made in question 3-3? 



Planted seeds 
from package #2 




Adult plants 



econd-generation seeds 
from package #3 




Figure 3-2 
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□ 3-«. Suppose you planted iKcsc firsl-gencration peas and 
crossed (WO of the onspring plants. What do you predic( the 
second-generation peas would look like? 

□ 3-7. Explain why you made (he predictions you did. 

In (he original experimen(, peas like (hose in package #2 
y^'CTc planfed and the resultant plants were crossed/The peas 
m papkage #3 are a sample of the Second generation. Exam^ 
ine these peas now: 




□ 3-8. Was your prediction in question 3-6 correct? 

□ 3-9. What features dp the peas in packages # 1, #2, and 
#3 have in common? 

□ 3-10. What do w(^ call plants that always produce oflTsprinc 
exactly like the parents? 

□ 3-11. Suppose some of the peas jn package #3 Were 
planted and (he resultant plants wiSre crossed. Predict what 
the offspring peas would look like. 

Return the peas to package #3, fasten the package, and 
retuni it (o the supply area. 

In answering (he l^few ,q\ies(ions, you probably used 
the idea of pure strains^ be('s review the mean% of the term 
pjjre ^/r<3/rt. Remember that scientis(s prefer (o define their 
(erms wi(h an operationaKdefinition. 

□ 3-12. Give an operational definition of pure strain (See 
EKcurtlon 1-2 if you need help.) 

In the next section, you will study the inheritance of still 
another feature of pea seeds. Before gom^ 6n, however, study 
Figure 3-3 to review what you have found so far. 



/ 



FIgur* 3-3 



Plants grown 
from peas # 1 



Plants grown 
from peas # 2 



Pms #3 



©— > Q — ^ O 



./I n 




Package #4 coniain^ seeds from a kind of pea NOT related MORE AND 

to the ones in packages # f, #2; and #3. . DIFFERENT PEAS 

ACTIVITY 3-3. Examlno the peas In package #4. Return the 
p«« to their package after answering' questions 3-13 throuqh 
3-16. 




□3-13. List atjeast two features common to the peas in 
package #4. ^ 

□3-14. How do the features of the peas in package #3 diflTcr 
from the features of the ones in package #4? 

The peas in package #4 were first-genera tiOn peas. These 
peas had features like those of the parent peas. 




Planted seeds 
from package #4 



Adult plants 



i 



4^ r. 

^ifi^ ^^k^ Socond genorntion soodd? 



Figure 3-4 
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□ 3^15. Suppose these first-generation peas in package #4 
were planted and the resultant plants were crossed. What 
do you predict the second-generation peas would look like? 

□ 3-l6. Explain why you made the prediction you did. 
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LcCs simplify the study of inheritance in these peas by 
concentrating on just one feature -shape. For the moment 
we W.I! study only the inherlrancc of see^J shape in peas. ■ ^ 

□ 3-17. What was (he shape (round, or wrinkled) of the 
pure-strain peas in pfickage^ #3? 

□ 3-18. What ^vas (he shape (round, or wrinkled) of the 
pure-strain peas in package #4? .'^ ' 

In the original experiment, an interesting cross was made. 
A plant grown from pc4 like the ones in"packagc~#3 was 
crossed with a plant grown from peas like the^nes in package 
^4, Then the first generation of peas (package #5) was 
picked. 



Figure 3-5 




In answering the next question, let's assume that the in- 
heritance .of seed texture in peas follows 'the same pattern 
as inheritance of seed color in beans. 

lookj'ik ^'^'^^ yo" predict the peas in package #5 will 

ACTIVITY 3-4. Open package #5, examine the seeds, and 
answer question 3-20. Then replace the seeds In package #5, 
close It, and return It to the supply area. 




□ 3-20. How do (he features of the peas in package #5 
compare with the prediction you made m question 3-19? 

□ 3-21. Which parent do the peas resemble more? 

The original experiment was carried one ^step furth(?r. 
Seeds like those in package #5 were planted, and some of 
the plants that -grew were crossed. Second-generation peas 
were picked /rom the offspring plants (package #6). 

□ 3-22. .What features do you predict the secQnd-generation 
peas in package #6 will have? (Include a ratio.) . " 

ACTIVITY 3-5. Open package #6 and examine the seeds. 
Answer questions 3-23 through 3-27. Then replace the peas 
In package #6, close It, and return It to the supply area. 
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□ 3-23. -Record the number of smooth and the number of 
wrinkled seeds. 

□ 3-24. What is the rounded-ofT ratio of smooth seeds to 
wrinkled seeds? 

□ 3-25. How dp your olyscrvations compare with tfie predic- 
tion you made in question 3-22? 

□ 3-26. How does this ratio compare with the ratio of seed 
cdlor you found in (he second-generation beans? (See Table 
2-1.) . / . 

□ 3-27. In what way do beans ?ind peas follow a similar 
pattern of inheritance? 
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Your observations on the inheritance of seed shape and 
color in beans and peas show that in formation about particu- 
lar features is somehow passed from parents to offspring. The 
message seems to have been communicated like this: 

1. When nvo individuals of the same pure strain ' arc 
crossed, all oflspring should look like the parents. 

2. When two individuals of difl~erent pure strains arc 
crossed, the offspring should resemble oneVarent but 
not the other. ' J 

3. .Second-generation offspring of parefits of t\Vo different 
pure strains should look like either strain, but the fea- 
tures of one strain show up three times as often as those 
of the other. 
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PROBLEM BREAK 3-1 



You have found a similar pattern in beans and peas. Docs 
pattern hold true for other plants, too? Let's see! ^ 

Pick up three petn" dishes of sprouted tobacco seeds. Count 
the number of shoots of the two colors you see (green and 
white). These plants came from, seeds of second-generation 
plants. Figure 3-6 diagrams.the crosses that were made. 

Figure 3-6 



Pure-8tri»ln parsm 



Pure-strain parent 



First-generation plant 



1 



First-generation plant 
} 



te'^-r^roWrriPciftTi*.) 



1 
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Let's assiyiie ihai tobacco plants follow the ,sanic pattern 
of inhcritaiTce as beans and pea.s. 

Try working backward from the second-generation plants 
in the petn dishes to predict the color^of the first-generation 
aiid of the pure-strain parents. In your Record Book, dra\v 
up a table of your predictions. 

Easily seen features of pea seeds and tobacco 5ecds have 
taught you still more about inheritance. In the next chapter, 
you'll be^askcd to develop a model to explain the pattern 
that you haye seen here. If you like a challenge, you might 
try to think of your own model now. If you've come up with 
what you thin,k is a good one, describe it -in your Record 
Book. Later you can check (o see how good it really is. 

Reminder DoT] V forget (o )va(ch your fruit flies daily. Before 
going on, check your calendar to see where you d^e in your 
fruit -fy experiments. 

Before going on, do Self-Evaluation 3 In your Record 
Book. 



jr 
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Chapter 4 
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Your observations have shown thai parent peas, beans, and 
corn plants all pass features to their offspring in the same 
way. In this chapter your problem will be to develop a model 
with which to explain the pattern you have found. ^ 

Let's start by summing up what you saw in the bean seed 
experiment. / 

1. Each parent plant had beans with a distinctive color. 
One pure-strain bean parent had brown beans, and the 
other pureVstrain bean parent had white bean^. 

2. Only one ieed color ^>gwed up in the first generation; 
all the beans of the first generation were brown. 

3. In the second generation, both seed colors appeared 
again. Some second-generation plants had brown beans 
and others had white beans. 

4. In the second generation, the ratio of colors was three ' 
brown beans to one white bean. 



Pure-strain 
brown 



G 



Pure-strain 
white 



Brown 



Brown 



First generation f 



Brown 



wn 



t 

Brown 



0 

White 



Second 
generation 



Figure 4-1 
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□ 4-1. For what fcaiure did the pens you studied follow a 
pattern similar to the one shown in Figur-e 4-1? 

The model you develop for how parents pass on their 
features must explain why the bean experiment turned out 
as It did. More than that, it should enable you to predict 
the feamrcs of the oflspring of other kinds of plants and 
animals. 



BUILDING A MODEL 




THE ONE-BIT MODEL 



You may already have decided that a message that deter- 
mmes the features of the offspring is somehow sent from 
pareiits to their offspring. Let's assume that this is true and 
call this message a "bit of information." 

Let's assume that offspring get all their bits of information 
trom their parents. In other words, , a brown bean is a brown 
bean because it got a bit of information that says "Form 
brown color" from either one or both parent plants/'A white 
bean has a bit of information that says "Form whAc color" 
which was passed to it from one or both of its parents ' 
As you should know by now, in building a model y6u can 
make any assumptions that seem reasonable. In building your 
rnodel. you could assume that every individual receives from 
his parents one, t^o, three ... or more bits of information 
for each feature. iBut the scientist always tries to build the 
simplest model that will explain his observations. 
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The simplest model obviously assumes that each individual 
has just one bit of information for each of features The 

\ bit of information was passed along from one.paVent or the 
vQther. Let's see how well this simple model explains Jlhe 
pattern you've seen in the obrservations you've made . 

, According to, this one-bit model, brown beans received one 
bit of information for brownness, and this is what makes 
them brown, \yhite beans, on the other hand, got a bit of 
mformation for whiteness. 
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_To help you understand the way this model works, you 
will use plastic squares to represent bits oC inlbrniaiion. A 
brown square will repueseni a bit of information that says 
"Form brown." Likewise, a colorless square will represent 
a bit of information that says T orm white." 

Pick up these materials from the supply area: 

2 paper bags 
I brown square 
I colorless square 




□ 



Draw one aquaro 
from •/f/?«r pno of the baga. 



ACTIVITY 4 1. Place the brown square In one bag and the 
colorless square In the other bag. Each bag now represents 
one pure-strain parent. Draw one square from either one of 
the bags. The square represents the bit of Information passed 
on to a first-generation offspring. 

Figure 4-2B reviews what happened when you crossed 
plants grown from pure-strain brown bea^s with plants grown 
from purc^strain white beans. Figure 4-2A shows what you 
know about the bits of information involved. 

Use the one-bit model to answer the next five questions 
about the experiment shown in Figure 4-2: 




Figure 4-2A 



Figure 4-2B 



Brown bit 
of information 



Pure-strain 
.parent #1 



White bii 

of Information 





Pure strain 
parent #2 



First generation 
7 bits of Information 



Pure-strain 
parent #1 



Puro-strain 
parent # 2 



I 0 



Brown \|x White 

First generation 



Brown 
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Figure 4-3 
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□ 4-2. What bit of information for .seed color did the purc- 
^ strain parent # I have? 

□ 4-3. What bit of information for seed color did the ourc- 
, .strain parent #2 have? " 

□ 4-4. What color were all the first-gene ration beans? 

□ 4-5. In Activity 4-1, what color square (bit) did you pick 
(rom one of the bags (parents)? " 

□ 4-6. WhJit color sciuare„(bit) would you have (o pick in 
o^er to produce the first-generatiOn bean shown in Ficurc 

□ 4-7. According to the one-bit model, did the first-ccn- 
erat.on beans get their bit of information for color from 
parent # I or parent #2? 

The one-bit model explains the first generation only if.yon 
assume that all the first-generation oflspring received a bit 
of mformation . for brown. This bit would have had to come 
from parent # I. . - ). 

□ 4-8. Why couldn't parent #2 have supplied a brov^^ bit 
of jr^formatjon? 

Parent #2 had only bits of information for white It m- 
parently contributed no bits to its offspring ' 

Now Jet's try to apply the one-bit model to what you 
observed in the second generation. Figure 4-3 reviews iat 
experiment. 



Plrst-oen6ra,tlon parent 



I 



Flrst-geh6ratlon parent 



Brown 



i 



Brown 



Second-crop plants 



9 99 G 

3 Brown to 1 White 
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Let's use the one-bit model to sec .if' we can duplicate (he 
results of the experiment. 

ACTIVITY 4-2. PJace one brown squarit In each of the two 
bag9. Each bag now repreaents one first-gejneratlon plant. 
J)raw one square from either one of the bags. Each square 
r^tpretenti a bit thlat could be^p^ssed on to a second genera-^ 
Mon offspring. 





Draw one square^. 
. ' from either one of Vi6 ^^^^ ' 

□ 4-9. If you toatinue to draw squares (bits of information) 
from either bag (parent), what oolor square will you always 
draw? ^ r 

. ' ■* 

□4-10. Using the p1^e^>it mgdel, how can you explain the 
reappearance of the wKite beans in the second generation 
(see Figure 4-3)? 

PROBLEM BREAK 4-1 

If you were able to use the one-bit model at all to explain 
why white beans showed up in the second generation, yoo 
probably had to rnake some pretty strange assumptions. 
When this happens, it's a good id^a to search for a more 
useful model. The rest of this chapter will help you to do 
this, but first you have a chance to wOfic on your own. Try 
to develop a "bil-of-info.rmation model" thai will ex.plain the 
four points listed on page 43. In building your model, assume 
that different numbers of bits of irtjformation arc passed 
aloijg. Then decide which number of bits works best. Spend 
up to one full day with this, and describe in your Record 
Book the best explanation that you can come up with. " 
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I erhap.s your model vyill do the job; perhaps noi. Bui one 
(hmg IS sure. The one-bit model is in trouble. Let's look at 
(he next simplest possibiliiy—a two-bit modcJ. 



A TWO-BIT MODEL 



lor this model, you wilj assume two things: (I) every indi- 
vidual has two bits of information for each feature, and (2) 
one bit for each feature is passed from each parent lo its 
oflsprmg. To make it easy to understand what is happening 
you vw.ll again use the pLa_sii.c squares. This time you will 
need two" brown and two colorless squares. 

Let's ti^ to us^ this-two-bjt model to explain the experi- 
ment reviewed in Figures 4-2 and 4-3. 

Rcni>qibcr that pure-strain brown-bean plants crossed 
with similar plants afvWtys produced bro.wn beans. This makes 
It reasonable to supfjose the pure-strain brown-bean plants 
can pass along bits of information for brown only. Similarly, 
pure-strain white beans must pass' along only bits of infor- 
mation for white. 



ACTrVlTY Plac^e two brown squarea in on* bag and two 
colorlett aquarat In the other bag. Each bag now rapr«aanta 
one pure-etrain parent. Draw one square from each bag. Stack 
the two tquaret together. These two tquarea repntent one 
offtprtng. 
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Draw one squa^ . 
from &ach bag. 

If you followed thedirections correctly, you got one brown 
and one colorless square. The squares represent the bits of 
mformaUon that the offspring received from its pure-strain 
brown-bean parent and its pure-strain white-bean parent. 

□4-11. What is the only combination of *bits of information 
(squares) you can get by selecting one bit from each bag? 




You now have an iViteresiing problem. You know (hat (he 
offspring from the crbss of a pure-strain brown-bean plant 
and a pure-strain white-bean plant wore all brown (see 
Figure 4-2B). Yet your two-bit model suggests that each of 
these offspring received a bit of information for white from 
its white parent. Why didn't the while bit show up? 

□4-12, An assumption about the bits of information can 
explain why only brown beans showed up in the first genera- 
tion. What is that assumption? 

Perhaps you had trouble with question 4-12. If so, an 
activity with the squares may help you out. 

ACTIVITY 4-4. Place on# brown square and one colorlaas 
•quire In a atack aa ahown. Hold the atack up to the light 
end look through It. 




□4r13. What is the overall color of the two-square stack? 

□4-14^ What assumption about bits of information does this 
suggest to explain \vhy only brown beans showed up in the 
fii^t generation? 

Important assumption 

Suppose we make an important assumption about in- 
herited bits of information — the bit of information for brown 
can mask the bit of information for white. This means (hat 
a plant witK one bit of information for brown and one bit 
of ihformaiion for white would produce only brown beans. 
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Use your «wo-bi. model, including (he new a.ssi.mpfion 
(o answer (he next (wo qiicsiions. 

□ 4-15.. What bits of information would offspring get frorif 
a cross of pure-strain brown-bean plants and pure-strain 
white-bean plants? 

□ 4-16 Assuming that the brown bit of information can 
mask the. white bit of. information, what color(s) would you 
expect Ihe hrsl.generation beans to be? " 

□ 4-17 What color were the first-generation beans (sec 
Figure 4-2B)? ^ 

So far, so good. But what about the second crop? You will 
remember that this is what happened when the first-genera- 
uon plants were crossed: 



Brown 
first generation 



Brown 
first genorntion 



3 brown and 1 white 
In socond generation 



6 





Can these results be explained by the two-bit model? Let's 
try an experiment to find out. / 
/i 

□4-18. What combination of two scares represented the 
bits of mformation of the first-generation offspring? 

The first-generation offspring a'^re also the second-genera- 
tion parents (see Figure Let's see what would happen 
if beans from two sucK parents were planted and a second 
generation produced. 

ACTIVITY 4-5. Place one brown square and one coforiess 
square in one bag (parent #l). Place one brown square and 
one colorless square In the second bag (parent #2). 

These two bags now represent the parents of the second 
generation. Remen^ber that each square stands for a bit of 
information. 
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□ 4-19. According to (he two-bit model, how niany squares 
should you take from each bag to produce a second- 
generation offspring? 

Well, now you have another problem. Each one of this 
pair of parents hi^ two different bits of information. But only 
one bit can be passed along to the oflspring. from each par- 
ent. The question is, -Which one?" 

Once again you can use the "keep it simple" rule of model 
building. About the simplest answer to the "which one" 
question is ^'either one." That is, you can assume <5ne bit 
has as much chance of being passed on as the other. 

In a moment, you will/ blindly select one square (bit of 
information) from each bag. Either square in each bag has 
the same chance of being selected. 

□4-20. Place a check mark in your Record Book next to 
each combination of squares listed below that you could pick.. 

Two brown* squares 

One brown square and one colorless square 
Two colorless squares 

ACTIVITY 4-6. Without looking, reach In and take one square 
trom each. bag. indicate with a check mark in Table 4-1 In 
your Record Book the combination of squares you got. Return 
•ach square to the bag from which it came. Shake the bags 
•nd repeat the procedure at least 60 times. 




Note' The success of this activity depends upon your honesty. 
It may he possihlejo tell the squares apart hy'the way they 
feel. Do not let this infUence you. Take the first square you 
touch each time. , 
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Sixty (rials may seem like a lot. You might think that two 
or three limes Vould be enough. A liftle later you wiJI see 
why so many trials are necessary. 

Tabl« 4-1 

r - - 

COMBINATIONS OF SQUARES IN SECOND GENERATION 



1: 
I 


2 Drown 


1 Brown 
I Colorless 


2 Colorless 


Check 
marks " 




■f 




• Tolftls 









Use the data in Table 4-1 jo complete Table 4r2. Remem- 
ber that each pair gf squares represents a'^second-gencraUon 
oflTspring. Rexiiember also that brown bits can mask white 
bits; <f 



Table 4-2 

r 





INumbcr of 
Bro\^^n-sced 
Of! spring 


Number of 
White- seed 
OfTspring 


T6ial 






Rough 
ratio 




0 ' 


Roundcd-oflT 
ratio 


U 

1 







1 



□4-21. How does the ratio of brown to white in Table 4-2- 
compare with the color ratio you actually found earlier (lible 

2- I )? n 
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Did you find three combinations of bits for brewn beans 
for every one resulting in white? If you did not, check over 
your work. 

Well, the two-bit model should have passed the test fairly 
well. It accounts for the observations you've made. To be 
sure that you arc clear on what your model says, lct*s try 
to state it clearly. 
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Anybody 

GIVE ME 
TWO BIT5 
FOR THIS 
BEAN ? 



Reviewing the^vo-bit model 



I. Every indi\luaK has two bits of informatioorf^r each 



feature; the individual's appearance depends Won what 
those bits are. , 

2. During reproduction, each parent passes to its offspring 
.one bit of information for each feature. This gives the 
Offsprtng its two bits for each feature. 

.3. Chance determines which of the two bits for a feature 
IS passed from parent to offspring, 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other. ' 

^ Your two-bit model is very much like the one now i^ed 
by scientists. A bit of infonnation has been gotten as to what 
these bits of information are like and where they are located . 
The stoiy of how this information was gotten is quite inter- 
ycsting. When you get to Chapter 6, you'll have a chance to 

fT'^^r ''^'''^ '''^^ >^^" « "^ore about it 4 I^Yf^ 1 1 "IM T.M | 

and about bits, too. If you're really interested, you might want ^ ^ • I 

to take a look at this excursion now. - 
PROBLEM BREAK 4-2 ^ 

The two-bit model explained nicely your earlier observa- 
tions bf bean seeds. -But remember that a good model will 
help you to predict as well as to explain. Can the two-bit 
model j!)redict as well as e.^plain? Let's see. 

The rcsuUs of three crosses witlj bean plants are drawn 
on page 54. For two of the crosses, the ofispring's beans have 
liot been descnbed. It is up to you to use the two-bjt model 
to predict what color the offspring's beans will be. Discuss 
..yolir results with your teacher, your classmates, or both Write 
in your Record Book a brief description of how you used 
the model to predict the bean colors. 
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0 



0 



0 



B#«n Crott #1 

Puro-strnin 
whito-bonn 
fMirent 



Bttn Cr#t« #2 

Brown-boan 
Mrst generation X 
plant 



Bttn Crott #3 

Brown-bean y 
fJrst generation ^ 
plant 



Puro-8troln 
brown bonn 
parent 



Brown-boan 
first generation 
plants 



Pure-strain 
white bean 
plant 



? bean plants 



Pure-strain 
brown bonn 
plant 



? bean plants 



Hint In solving (he problems, you may wanf to set up experi- 
ments like the ones shown in Acdvifies 4^5 and 4-6. 
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Will other models work well as your two-bit model? 
Here's your chance to find oii]. You may test as many models 
as you like, but do not spend I'nore than one period on this 
activity.- As a stnM, you might try a three-bit model; then 
a four-bit model; and so on. 

First, insert some number other than one or two in the 
model description give^* below. (You've already .used those) 
Then try to us(i. the nU model to explain your bean-sced 
observations. Describe the results in your Record Book and 
state whethef or not the new model is a good one. 

I Each indi Wdual has biti of in/^rmation for each 

feature; the individual's appearance depends upon what 
those bits are. ' : 

2. Dunng reproduction, each parent passes bit(s) 
of information for each feature to its offspring. This 
gives the offspring its bits.' 

3. Chance determines which bits are passed from parent^" 
to offspring. 

4. Some bits of information may mask other bits of infor- 
mation. 



Suppose you were given some brown bfean seeds bu( were 
told nothing aboui their parents. How would you know 
whether Or'not they were a pure strain? Could the two-bit 
model be used to explain the background these seeds? 
Let's find out. ■ 

According to the two-bit modjil, a plant may carry bits 
of i,nformK(ion that don't show, because, one bit of inlbrma- 
tion may mask another bit of informaliQn. Scientists find a 
test cross useful in finding out if organisms have "invisible" 
bits of information. J 

In a test cross, yo^ii£ro3i/thc unknown plant with a known 
plant. Let us^cOnsider the unknown plant fir§t. If you were 
.given some brown seeds, they could have either of two possi- 
ble sets of bits. They could be either: 





Pur« 

(Two bits for brown) 



Impure (Or>b bit^oxJ^rown. 
one for while) 



^ Let's see what would happen if you planted one of the 
brown seeds and crossed the new plant with a pure-strain 
brown plant. 

Figure 4-5A shdws what the offspring would be like if the 
unknown seed^J)ad two bits of information foj- "Form 
brown." Fj^ure^4-5B shows what the oflTsping would be like 
if the unk-hown seed had one bit of information for "ForJn 
brown" and another for "Form ^i^jlliite;' ^ , 

Figure 4-5A Figure 4- 50 




Impure ^ 
''unknown' 



TEST CROSS 



Figure 4-4 



Pure-strain 
brov^^n bean 




All brown-seed offspring 



6S 



J 



r 



r 



If you >viMi, you can lest the (wo cresses shown in Figures 
4-5A and 4-5B with the plastic squares and bags. 

□ 4-^2. What^olor seeds resulted from both crosses? 

"□4-23. Does the cross shown in Figures 4-5A and 4-5B tell 
you whether your fmknown seed was pure or impure? 

F]4-24. Explain why a purc-slrain brown-bean plant is' not 
Wgood plant to use in a test cross. ""-^ 

Obviously, you have to make some other type of cross, 
figure 4-6 shows such a cross; plants grown from unknown 
seeds are crossed with .plants known to be, pure strain for 
whitQ seeds. • , 

Figure 4-6 



^' 'Unknown*' 



Pure-strain, whit© »ead« 




----^Jbi^lf the seeds -are brown Half the seeds are white 



□4-25. What color seeds resulted from the two crosses?' 

□ 4-26, Compare your answers for questions 4-22 and 4-25. 
How do they differ? . ' \ ' 

□ 4-27, How cou^d you use a cross like^this to t^4iliether; 
your unknown seed was p^^ or impiife? 



□ 4-58. Explain why a pure strain white-bean planf and riot ^ 
a pure-strain brown-bean pl^j^tnust be used in a test cross 

□4-29. What ratios are found in a test cross using a pure 
strain white bean? ^ . 



4^ 
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■ jNo-w you should tadkle Problem Bfeak 4-4 to see how well 
you understand the idea of a test cross. 

Q 



PROBLEM BREAK 4-4 

Suppose you were given some smooth pea seeds but were 
told nothing about their parent plants. How could you find 
out whe/her they are pure strain Or not? Describe your ex- 
periment in your Record Book. 

Ratios, ratios, ratios. You either have to be tired of them 
by now or very suspicious. Aren't you suspicious of the 3-to- 1 
ratio that keeps showing up in peas, beans, and tobacco 
plants? A scientist rarely accepts a fact without proof. If you 
\yould like proof of why certain ratios keep reappearing, turn 
to Excunflon 4-1, "Don't Flip^over This." 

Reminder Don't forger to watch your fruit flies daily. Before 
going., on, check your jilanning chart to see where ybii are in 
your fri(it- fly experiment. 

B«fore going on, do Self-Evaluation 4 In your Record 
Book. 



\ 
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Either Heads or Tails 



Chapter 5 



IV$ time to take a good look at where y6u've been and where 
you're going. It's taJcen you four chapters to develop your 
*Mwobit model/' The two-bit model you've built assumes 
that: 

1. Each individual has gotten from its parents two bits of 
information for each feature. 

2. During reproduction, each parent passes to' its offspring 
one bit of informatioxi for ^ach (eature. 

3. Chance determines which of the two bits is passed from 
parent to offspring. 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other 




The model seems to work with pea seeds, bean seeds, and 
tobacco plants, and you will soon be finding out if it works 
with fruit flies. But can, the model help to explain how human 
parents pass their features on to their children? Let's try to 
find out. 

First, you'll study the ability of people to taste a harmless 
chemical called PTC (phenylthiocarbamide). To begin the 
experiment, you will need four or five strips of paper that 
have been soaked in PTC. 
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ACTIVITY 5-1. Put a ploco of PTC paper into your mouth and 
chew It. Have several of your classmatos chow PTC pap«r. 
Also, check with any others who have already chewed PTC. 
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□ 5-1. If anyone could taste the PTC, how do they describe 
the taste? ^^'^ 

□ 5-2. How did those who could not taste PTC describe their 
experience? 

□ 5-3. If anyone got a different taste from the others, de- 
scribe it. 

□ 5-4. Every student might have chewed something to pro- 
vide a control for this experiment. What was it?^ (Go -ahead 
and have them do \\ as a check, if you wish.) 

As .YOU have just discovered, some people can taste PTC 
and some cannot. Figure 5-1 shows "the response to PTC 
among members of a make-believe family—the Smith fam- 
ily. Look it over carefully. Notice that the chart shows 
whether or not each family member could t^aste PTC. It also 
shows how all of the family members are related to one 
another. 

Now let's try to use the two-bit model to explaig the Smith 
family data. The description of the model on page 59 may 
helpful as you answer the next few questions. 

Begin by looking at Grandfather Smith and Grandmother 
Smith. One is ^ taster, and the other one is a nontaster. They 
had four children. '' 
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Qr«ndf«ther SmMh 
Taalor 




Grnndmothcr Smith 

Nonlnslor 







oo 



Qrnndfslher Jonos 
Nonlastor 




OrJiiidmothcr Jonirs 

Nontaslor 







oo 



OD 



T»d Smith 
Taator 



Fr«d Smith 

Ta3lor 



MfiiV SmMh 

Taster 



John Smith 

Tnstor 



OO oo oo oo 



Sarn Jones 

Nontaslor 



Figure 5-1 

□ 5-5. Suppose you assume that the two bits of information 
for taslieg PTC are "taste" and "nontaste." Which of these 
bits seems to do the masking, and which is masked? Look 
at statement 4 bf the two-bit model on page 59 before an- 
swering. . N 

Scientists usually call the bit for the feature that does the 
masking the dominam bit. The bit for the feature that is 
masked is usually called the recessive bit,^ Usnally ..they use 
a capital letter, such as T, to represent the dominant bit and 
a small letter (like t) for the recessive bit. 

Under each name in Figure 5-1 in your Record Book are 
two circles. The circles represent the two bits of information 
of that person for taster or nontaster. Assuming that T stands 
for the taster bit and t for the nontaster bit, you are to 
properly label each circle with a T or a t. Your answers to 
questions 5-6 through 5-9 may be of help to you. 

According tp your two-bit model, every member of the 
Smith family has \o have two bits of information for tasting 
PTC. 

□ 5-6.' Which two bits (T or t) must every nontaster have? 
Why? ^ ^ 

Use the correct letters to label the bits (circles) of all the 
nontasters in Figure 5-1 in your Record Book. 

7j • 



Harry Jonet 

Nontaster 



rom Jonet 

Nontaster 



oo o o o o 



Sam Smith 




Jan© Smith 




Mike Smith 




Sally Smilh 


Taster 




Nontaslor 




Taster 




Nont^astor 


oo 


o o 


oo 


o o 



CHAPTER 5 61 



□ 5-7, Tttslers might have cither of (wo combinations of (wo 
has. Wh«t arc the two combinations? 

□ 5-8, What (WO bits of information for taste does John 
Smith have? 



Figure 5-2 



In answering the last question, you can be sure that John 
Smith has at least one bit for taste (T) because he is a taster. 
But It IS not so easy to decide what John's second bit of 
mformauon is. For a clue, you should look back at the fea- 
tures of his parents. 

□ 5-9. You should have no trouble figuring out what two 
kttcrs to use for all the tasters in Figure 5-1 except for 
Grandfather Smith. Suppose you found out that aJl of 
Grandfather Smith's brothers'and sisters had been tasters 
V\aiat two letters would you give Grandfather Smith? 

Write in the proper letters for all the tasters in Ficurc 5-1 
>n your Record Book. 

■Have you ever looked closely at people's ears? No! WcJI, 
here's your chance. Ears come with either attached lobes or 
unattached lobes. Figure 5-2 shows the difTerence between 
the two. 

Although it's not always easy to tell whether a person's 
ear lobes are attached or unattached (some people have one 
of each), you can usually decide one way or the other. 



A few years ago, Dr. A. S, Wiener of New York City 
checked the members of a Urrge farnily to fmcl oi/Ck their 
car lobes were allachecl or iinallachcd. Figure 5-3 shows whal 
he found. In the figure, squares represent men and boys, and 
circles represent women and girls. Bl<K:kened circles or 
squares indicate unattached ear lobes. Those with no shading 
represent people with attached lobes. Study (he chart carc- 
M\y. 



Figura 5-3 



Children 



Grandparents 
Parent A 




Female with attached ear lobes 



Male with unattached oar lobes 



r= Mate with attached ear lobes 



□ 5-10. Look at Child A.^ Explain why you think parent A 
is a pure strain for unattached ear lobes or not. 

□ $-11. What evidence do you find in Figure 5-3 th^at one 
bit of information masks another? 

□ 5-12. According to the two-bit model, what two bits does 
parent B probably have? What two bits does child B have? 

□ 5-13. Explain .your answer to question 5-12. 



Another either-or human feature that is easy to study is how 
wcU people can roll their tongue. It's kind of fun to get data 
on this. To get the data, you will need to work with a partner. 
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ACTIVITY 5-2. Stick out your tongue and try to roll 
tongue a* shown. 



□ 5-14. Are you a tongue roller? 

Collect data from your classmates. Ask (hem to roll their 
tongues for you. y 

□ 5-15. How many of your classmates can roll their tongues? 

□ 5-16. Ihow many of your classmates cannot roll their 
tongues?' 

\ 

Figure 5-4 diagrams the Way tongue rolling is inherited 
m the Johnson family. Look it over carefully. Once again, 
squares stand for boys and men and circles stand for girls 
and women. Blackened tircles and squares represent peqplc 
who can roll their tongues. White circles and squares stand 
for people who cannot, 



Figure 5-4 
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Hannah Marsha Kit 



Children 



Sandy Daniel Nancy Bill 
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The nexl few questions deal with the bits ofinfbrmation 
of the people shown in Figure 5-^\. In answering the question, 
let the letter T sland for the longue-roUing bit and the letter 
t for the non-tongue-rolling bit. You can also assume that 
T masks t. 

Q5-17. What bits of information does Stew Johnson proba- 
bly have? 

□ 5-18, What bits does Mark Johnson probably have? 

□ 5-19. Why did you answer question 5-18 as you did? 

□ 5-20. What bits of inforrtiation does Sharon Johnson 
probably have? 

Well, by now yoii should have come to the conclusion that 
the two-bit model works quite well for human features a.s 
well as for those in plants like beans and peas. The problem - 
breaks that foUo\v will give you the chance to find out if 
it works for your features and your friends* features, too, 

PROBLEM BREAK 51 

Listed below are several common features of people. You 
are to select one feature from the list Tor study. Your^roblem 
will be to make a chart like the one shown in Figure 5-3 
for your own or a classmate's family. The chart should shovV 
how grandparents, parents, and children looked in terms of 
the feature you pick. 

Not everyone knows enough about his relatives to make 
a chart like Figure 5-3. Your biggest problem may be to find 
someone who does. As a hint, family photographs a^e often 
a good source for information of this kind. 

When your chart is complete, you are to use the two-bit 
model to explain what you find. The chart and your descrip- 
tion of how the two-bit model applies to it should be recorded 
in your Record Book. 

!. Hitchhiker's thumb. If a person can bend the tip of his 
thumb so that it forms a greater than 45"" angle with 
the rest of the thumb, classify it as a hitchhiker's thumb. 

2. Dimples. A dimple is a '"dent" in either the cheek or 
the chin. s 
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3. Widow-speak, The hairline across the forehead may be 
either straight or pointed downward in the center. This 
point is called a "widow's peak." 

4. Gap between teeth. Some people have a gap between 
their center upper, teeth. UsiiaUy a small piece of their 
gum sticks down between the t(?eth. Other people's teeth 
are close enough tb touch each other. 

PROBLEM BREAK S-2 — ^ 

Now here's your chance to make a chart for your own 
fan^ily— using the tongue-rolling feature. Test as many mem- 
bers of your family as you can for the tongue-rolhng feature. 

, Record your findings in a table in your Record Book. If any 
of your brothers or sisters are married and have children, 

\ you can continue the family tree downward. If you can get 
data on your grandparents, you can continue your tree up- 
ward. ^ 

Note If you do not live with your family, ' get' data from a 
neighbor^ friejd, or classmate. 

/ ■ ■ . ^ 

When you have all the information you can get, draw "a 
chart for.^tongue rolling. Remember that your chart should 
show the rela^tionship between family members as well as 
whether they are rollers or nonroUers. ' 
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When your chart is complete, see iT yon got the same 
pattern as that ^hown in Figure 5-4., You may also want to 
look at the family trees of your classmates to see if there 
arc patterns diflerent from yours. Keep in mind that the bit 
of iafomiaiion for tongue rollers (T) is dominant and the 
one for noiirollers (t) is recessive. 

By DOW you may be quite confident of your two-bit niodch 
It seems to have worked qw'iic well f9r the activities so far. 
But up to now you have'lookeCl only at the inheritance of 
single features. In the next chapter, you'll have another 
chance to practice using your model. This time, though, you 
will look at the inheritance of several features at the same 
time. 



Reminder Don'f forget to )vatch your fruit flies dailw Before 
going on, check your calendar fo see where you are in your 
fruif-fiy experiments.' 



X 



Before going on,, do Self-Evaluation 5 in your Record 
Book. 
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Meet the Ninsect 



Chapter 6 



WeU, the hvo-bit model s&ems to work with people iVs well 
RS with beans, peas, and fruit (lies. You can use it to predict 
things like ear-lobe shape just as well as to predict bean color 
or roughness in peas. 

But so fyr you've been studying just pne feature at a time. 
Plant? and animals pass on a Jot of features to their oflspring. 
Will the two-bit model work when you try to follow several 
features at the Same lime? That is what you'll try to find 
out next. 

Have you ever seen creatures like the ones shown in Figure 
6-1? Probably not, because they are make-believe beasts. We 
invented them to give you another animal that's fairly easy 
to study. They are called "ninsects." Your problem wiJ] be 
to make an imaginary mating pf a pair of ninsects and to 
try to predict what the offspring will look like; but fir!si let's 
check the features that make up a ninsect. 





Figure 6-1 



T^ke a close look at the two ninsects in Figure 6-1. Try 
to fiind eight differences in the features of the two. In your 
Record Book; list the difTerences that you find. 
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□ 6-1, According to (he two-bit model, what causes (he two 
ninscctjs shown to look so different? 



In a moment youtvill be asked (o make two ninsec(5 and 
to predict the fealnres of their ollspring. The eight features 
that yoii will study-are the ones that- make the two ninsects 
' in Fignre 6-1 look so din~ereni 'fo be sure that you caught 
■^thenyall, take a look at Figure 6-2. v 



7v, Win^ pajtqm 
' (plalf) or, spotted) 



Antenna 




4. Stinoer 

(present or absent) 
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According to I'he iwo-bitim.odel, every riii>secf has two bits • 
of infonfiiaiion for each /"Mature shown. " ' 

Lg6-2; Altogether, how many bits must 'each ninsect have for 
all eight feali^res? - .. ' 

•• . : ' ' . ■ 

The model assumes that each ninsect gets one bit for each 
9f the eight features from each parent; 

□ 6-3. Altogether, how many bits does each parent pass to * 
its offspring?^ . ' ^ \ . 



^ Chetk your answers U) questions 6-2 and 6-,1 by tiirniag 
your book upside down and reading (he bolioin of this pcige. 
If.your answers were not correct, you'd better review Chapter 
4 before going on. 



Okay, now youVe ready to mate' a pair oT ninsccts. To do 
this, you will need any two of the punched "parent" carj^ 
•4ha( are in a stack, in the supply area, and a plastic ninsect 
guide card. 

Lay the two punched cards on the desk before you. Notice 
thaf eight groups of holes have been punched in each card. 
The groups of holes in one of the cards reprcs.ent a set of 
eigtyl bits of information from one ninsect parent. The groups 
of holes in the second card stand for^tbc eight bits from a 
second parent. Your job will be to figure out what'kind of 
ninsect offspring would result from t'his combination of six- 
teen bits of information: > 



PLAYING THE GAME 



;;ACTIVITY ^-1. Slide the plastic guide card ove,r one of your 
punched. cards as shown. Notjce that each group of holes 
represents a bit for one feature.^ Notice also that.some holes 
fafl on the l> line and others on'the d line. ^ 



V a 



Bottom row 
'Top row 



/ 
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Slid© plastic guide 
over card 1. 
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Now use ihc plastic guide card to "read" ihc two punched 
cards ("ihe bits from the .two parents). Table 6-1 in your 
rf>. Record Book gives you a place to describe the bits of infor- 
mation that are punched Into each of (he parent cards. iJ.cave 
Tabl« 6-1 the Appearance of Oflspring column blank for now. 





Bits of Informiuion 






Pnicni (card) ^ 1 


Parent (card) #2 




' rcatura 


^ D or d 


Appear- 
ance 


D or d 


Appear- 
ancc 


Appearance of 
Ninscct OlVspring 


(black (D) or w*(c (d)) 
Body color 

(striped (D) or plain (d)) 
Body shape 

[chunky (D) or slender (d)] 

(present (D) or absent (d)) 
Leg length 

(long (D) or short (d)] 
Antenna 
/ (straight (D) or cnrly (d)) - 
Wing pattern 
[plain (D) or spotted (d)] 
Wing size 

(large (D) or small (d)] 


"5' 


<• 






■> 


\ 











\yhat the offspring will look like 'depends upon the bits 
of information it gets from its parents. As you complete the 
righi-hand column in Table 6-1, remember D features always 
mask d features. If one parent's bit is D black and the other's 
is d white, the -ofTspring will show the dominant feature. 



□ 6-4. Which 'bit is dominant, D black or d white? 

You have np problem when, the bitsVrpm both parents 
' are the same. If both parents pass on the bit D black, that 

is what your 'ninsect inherits. If both pass o^ d white, your 
" ^ ' y ninsect inherits d white. Using \\>hat you. have learned about 
• s ^ dominant, and recessive Jfeatu res, coynplete the right-hand 
J2 CHAPTER 6 column in Table 6-L 



ACTIVITY 6-2, Using the Information In the right-hand column 
of Table 6-1, pick the body pieces you need from the box of 
nlns<K:t pdrts In the supply area. TKen build your nlnsect^ 
offspring. 




ACTIVITY 6-3. Atlach^ a paper clip to each pf the tvyb parent 
cards you Just used. Set these cards near the ninsect you just 
constructed. 




/ 












c 














ACTIVITY 6-4. Pick two more parent cards from the stack In 
the supply area. 





Thc^e two new cards will give you (lie bils of in/brmaiion 
for the parents of a .second offspring. Read (he information 
for each feature from both cards and record thc.sc data under 
the Parent columns in Table 6-2. 

Complete the right-hand column in 1ablc 6-2. 





Bits of InCormnnon 






Parent (card) } 


Parent (card) #2 




Feature 


D or d 


Appcar- 
a ncc 


D or d 


Appear- 
ance 


Appearance of 
Ninscci Offspring 


Eye color 

[Dtack (U) or white (o)] 
Body color 

|.stripcd (D) or plain (d)) 
Body shape " * 
[chunky (D) or slender (d)) 
Stipgcr 

(present (D) or absent (d)) 
Leg tfcngth 

[long (D) or short (d)) 
Antenna 

[straight (0) or curly (d)] 
Wing pattern 
fplnin (D) or spotted (d)) 
Wing size 

(large (D) or small (d)J 






i 







ACTIVITY 6-5. Build your second ninsect t^y picking the right 
body pieces from the box In ihe supply area. Place this ninsect 
offspring next to your first offspring. 




m 





Car^ 1 Cnrd2 Card 3 Cord 4 

ACTIVITY 6-6. Put cards 3 and 4 below the new ninsect. 

' If your class period ends bcTore you (inish this chapter, 
put the ninseet body pieces back in the box in the supply 
area. But keep your four cards. Put ihc cards in a safe pl^ce 
until you can continue. Whtn you start again, you ci\p easily 
rebuild your two ninsects, using the information from Tables 

6-1 and 6-2. \ 

■->' 

The two ninsects you just created will soon be the proud 
pments of four "nofTspring/' Your problem is to figure out 
what these creatures will look like and to build a picture 
of each out of ninsect parts. 

The^holes in the two cards below each soon-to-be-parent 
/ninseot tell you what set of bits i\ got from each of its parents. 
Your two-bit model tells you that each new parent ninsect 
will pass along pne of these two sets of bits of information 
to eaich of its nofTspring. But which set of bits will be passed 
to which noffspring? . • 

□ 6-5. What will determined which^ set (card) of bits (holes) 
wilj be passed by each parenj^.to the first noffspring? 

Check*'your answer to question 6-5 by turning your book 
upside down and reading the l^ottom of this page. 





. 


1 









GETTING A SECOND 
GENERATION 
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If you had iroublc. turn back for help (q page 57 The 
two-bil nn)Jcl is i-ummarized (here. 

Harhcr. you learned that chance dctermmcs which bits of 
informal. on arc passed from a parent to an offspring This 
means that either set (card) of bits from one parent 

might combine with ei-tliej set (card) of bits (holes) from the 
other parent to fonn a noflsprmg. Let's consider what com- 
bmaiions of cards (and bits) are possible. Take a -look at 
f^jgure 6-3 

□ 6-6. Hovy myi/pi^ss'ible combinations of sets of bits at^c 
5;hown, in Figure 6-3? . ' ■ ' 



FIgur* 6-3 



Oni Nln««cl P*r*nl 



Other NInsecl P»r.«nt 





/ 






/ 






/ 












r — — -. ^ 





CD 




Another possible ' 
noffspritifl D | 



ACTIVItV 6-7. Use th? noffspring combination labeled •.'A" 
In Figure 6-3 to pick out two dards. Jhe sets ofJ^lts on these 
two cards will determine vyhat r^offsprlng ' A" will look like 
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LcVs call the cards with the paper chps attached la and 
the other lb. I'hc second set of cards wc will call 2a and 
2b. Figure 6-4 illustrates these combinations. 



In 



2o 



1b 




One Ninsoct Poronl 



Other NInsect Parent 



Let's consider what combinations of cards (atid bits) are 
possible.' Take a look at Figure 6-5. 

la can combine with 2a or 2b. 



1a 



2a 



2b 



C One possible noffspring — A 



Another possible noffspring — B 



1b can also combii'^e with 2a or 2b. 



t 



lb 



r 



1b 



r 



2b 



•Another possible noffspring — C 



Another possible noffspring — D 



Take the card that you are calling 1a and combine it with 
card 2a. ^ ■ \ > 

Record the information for each feature from both cards, 
lajfrtie middle columps^ of Table 6-3 in your Record Book. 
Th?n decide wlYat noffspring 'V\'' l^oks like and record this 
in the right-hand column. \ \ 



\ 



^90 



Figure 6-4 



Figure 6-5 



CHAPTEf^ 6 



BiK of liWormniioi^ 



I cniurc 



'L.>c color 

[black (D) or while (d)) 
13 od)' color 

iNtnpcd (D) or plain (dj) 
Bod) shape 

Icluink)- (O) or sicncier [6)] 
Slinger 

Iprcscni (D) or absent (d)] 
Leg length 

(long (D) or short (d)] 
Antenna 

(straight (O) or curly (d)] 
Wing pattern 
(plain (D) or spotted (d)] 
Wing s\zc 

(large (D) or small (d)) 



Pa I en! (c;ird) - 



D or d 



A ppcar- 
ancc 



I'jnent (card) 1 



D o; d 



Appear- 
ance 



Appearance of 
Ninscci OMspring 



Table 



Table 6-4 



Coiisull Figure 6-5 and combing the cards for noffsprrngs 
^^B;' ^^C;' and 'Dr Record time data in lables 6>4, 6-5, 
and 6-6 in your Record Book and complete the righl>hand 
column of each table. 







Bits of Information 








Parcni-(.caul.). # 1 


Parent (card) #2 




Fcfilurc 


D or d 


Appear- 
ance 


D or d 


Appea r- 
»ance 


Appearance of 
Ninscci OflTspring 


Eye color 

(black (D) or white (d^ 
Body color 

[striped (D) or plain (d)) 
Body shape ^ 
(chunky (D) or slender (d)) 
Sliogcr 

(present (D) or absent (d)) 

Leg length - 

(long (D) or short (d)) 

/^ntcnna 

{straight (D) or curly (d)) 
Wing pattern 
[plain (D) or spotted Xd)) 
Wing' size 

(large (D) or small (d)) 




c 


c. 


9i 







Hu.s of Inforniation 






Parent (card) \ 


Parcnl (caul) ::r2 




Fcalvirc 


D or d 


Appear- 
ance 


D or d 


AppCiM- 
a!\CG 


Appcarai\cc of 
Ninscci Od'i^pring 


tyc color 

(black (D) or white (d)] 
Body color 

(striped (D) or plam (d)) 
Rodv sh^inc 

(chunky (D) or slci\dcr (d)] 
Stinger 

(present (D) or ab^>cnl (d)] 
Leg length 

(long (D) or sh^rt (d)l 
An!enna 

[.<iruight (D) or curly (d)) 

Wing pattern 

Iplaui (D) or ,spottcd (d)) 

Wing si/.c 

(brge (D) or small (d)) 










/ 



Table 6-6 - 





Bits of Information 






Parent (card) ^ I 


Parent (card) #2 




Feature 


D or d 


Appear- 
^ ancc 


D or d 


Appxrar- 
ancc 


Appearance of 
Ninsect OlTspring 


4 

Eye color 

(black \D) or white (d)) 
Body color 

(striped (0) or plain (d)) ' 
Body shape 

(chunky (0.) or .slender (d)) 
Stinger 

(present (D) or absent (d)f 
Leg length 

(long (D) or short. (d)) 
Antenna 

[straight (D) or .curly (d)) 

Wing pattern ^ 
(plain (D) or spotted (d)) 

Wing size ■ y 
(large (D) or small (d)) 

— r- 






\' 




\ 
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ACTIVITY 6-8. Construct your four noffspring by selecting the 
right body pieces from the box In the supply area Place the 
noffspring below their parents for comparison. 

□ 6-7. In what ways do the features of the nofTsprinp dilTer 
from the fdratures of their parents? ^ & 

□ 6-8. How do the noffspring differ from each other? Answer 
this by comparing the features of all four noffspring.' 

PROBLEM BREAK 6-1 

When you get older, you'll sometimes wish that you could 
hve your whole hfe over again. You'll think that you could 
do a betfer job of it the second time because you know so 
much more^ This is your chance to live a part of it over again 
right now. See ,f you can get more out of it the seconcf^me 
around. 

Play the ninsect game one more time. Begin at'lhe point 
where you randomly selected your first two punched cards 
(page 71). Repeat that page and continue again to the pace 
you are now on. Complete new inheritance tables to find 
out what another set of ninsect noffspring look like ' 

It should be clear by now how the two-bit model can help 
you predict the iiiheritance of features generation after Men 
eration. If the process of doing this doesn't become almost 
second nature, repeat the same steps again. 



PROBLEM BREAK 6-2 

Here's a good chance to lesi your understanding of ihc 
two-bit model and of inheritance in ninsects. You'll try to 
predict the features of parent ninsects by obsejrving the fea- 
tures of their notlspring. For this activity, youMl need to find 
a classmate who is at the same place you arc. 

Njjg^ ACTIVITY 6-9, Ask your partner to cover up his parent 
nintects. Study his noffspring and try to predict the featur^^ 
of th#lr parents. He should do the same with y<iur^ ninsects. 



NINSECT P/)RENT. 

7 7 7 7 

NOFFSPRING 



y.<iijri 



Draw a table in the space provided in your Record 
Book. Record your predictions there. When you and your 
partner are finished, you sh(:fuld check your predictions by 
uncovering the parents. Discuss with him any diflerences 
between the actual ajnd the predicted features. 

Hint: If you have {rouble getting started, take a look at one 
feature at a time. 



Your two-bit model for inheritance is very much hke the 
moder npw used by, scientists. The story of how the twcJ-bit 
model was built in the first place reads like a detective story. 

Excursion 6-1, ''A Bit More About Bits/' tells this story. ^ ^^K^ilJ | 
Take a look if you are interested. 

Before going on, do Self-Evaluation 6 in your Record 
Book. 
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P^-oblems, Problems, 
Problems 



Chapter 



In this chapter, you will have the chance (o icst your model- 
building ability. IT you took either the seventh- or eighth- 
grade -I^CS course, you know that models must often be 
changed to^wplain hew observations. The two-bit model that 
has worke(t so well up to now will .pimply not expfain the 
obser\'ations you'll n.^ake next. Your problem will be to adjust 
the model so that it wi!^ ^ ■ ^ 




Before you make your obsbryatrons, let's review whai thc^ 
two-bit model says.- You will recall that it has four parts:^ 

♦ 

L Each individual has two bits of information Tor each 
feature. What the individual looks like depends upon 

. what thpse .bits are. v. ' /■ 

2, During reproduction, each parent passes on to its ofl- 
spring one bit of information for ?ach feature. This is 
how the offs*pring gets its two bits. . 

'3. Each of a parent's two bits for^each feature has an equal ' 
chance of being passed from parent to offspring. 

4. If an individual receives two dilTcrcint bits of informa- 
tion for a feature, one bit may mask the other. 

Okay, here's your first problem. Good luck! ^ 
Two pure-strain morning gloiy plants, one with red flowers 

and^one with white flowers, produce four oflspring, all with 

pink flowers. ' 
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I — Whit* 



pink 




Figure 7-1 Two of th'e vOffspring then produce four more offspring. 
(See Figure 7-1.) \ 

Don't say you weren't Warned! Ydirre ^probably shaking 
your head by now and saying, "Where did thpse pink flowers 
come from?" The. two-bit model certainly doesn't predict 
them. 

Actually, with a very slight change, your model can explain 
the morning gloiy case. Read through the four points of the 
model very carefully until you figure out how you want to 
change it. Remember, however, to keep the change as small 
as possible, so that aftfer it's made, the model will still explain 
the other situations you've studied. 



□ 7-1, Describe a change you can make in statement 4 on 
page 83 that will allow the two-bit mpciel to explain both 
the bean data on page 59 and the morning glory data, 

, ^ell, did ytyu figuTe out the morning glory problem? It's 

actually quite a simple one. If you would like to find out 
whether your solution to the problem agrees with ours, tiim 
|:>I<i4lj;tCi[§]k^^ Excursion 7-1, ^^Red, White, and Pink.'* That excursion 

will also help if you've hit a stone wall with the problem, 
but don't give up until you^ve really tried. 
Ready for another problem? Here goes? 
Some people are born with a problem. Their hair is bound 
to fall out at some point in life.' Experiments have shown 
that this tendency toward baldness is passed along from 
M - . Chapter 6 parents to offspring. Figure 7-2 shows the history of a family 
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in regard lo baldness. On the diagram, circles stand for 
womea and squares stand for men. Black circles and squares 
stand for bald pco.ple, and white ones stand for nonbald 
people, ^ 

Look: over Figure 7-2 care(\iljy. Try to use the' two-bit 
model to explain what you see there. 

Because the baldness pjroblem is a pretty tough one, you 
deserve a hint on how to solve it. Here's your hint: 

In baldness, the bit of information that does the masking 
and the bit thai is masked sometimes switch places. But by 
a certain rule about when the switch takes place, you can 
make good predictions. 

Figure 7-2 





I 










'* OBOaOOH 


OD 



□ 7-2. Explain how you could change the two-bit model 
described on page 83 to make it better able to explain Figure 

7-2; 




r ^ 



For thc^oment, we're not going to give you any more 
help wim the baldness problem. When you think .you have 
a solution, talk it over with a classmate. When you are pretty 
sure that your solution works or you can't get any farther, 
turn to Excursion 7:2, *'Hair Heirs/' That excursion will 
tell you whether you have a good answer or will help you 
find put where ypu went wrong. 

Palm readers, crystal-ball gazers, and other fortune tellers 
arc ofton -asktfd to predict whether a -woman will give bihh 
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to a boy or a gt'n. They would have a better chance of being 
righl if ihcy knew somethin|^ aboul the sex of other niembtcrs 
o(bo(h famihcs. Sex is afi inherited feature, (Oo, as you can 
|:IX^i] liS"ir*]k^^ out by reading Excurtlon 7-3, ^^Boy or Girl/* 

We could happily do without some of the features wc 
^ inherit. Ar]d none of us, be wc kings or commoners, want 

to take the blame for passing on such handicaps as color 
blindness or bleeder s disease. To see how these are inherited, 
|:>X*»Jjisif«A^^ Excurtlon 7-4, '^A Royal Problem/' 

.. . Do you suppose xvery^diUcj^ncc iiciwecn ihe appearance 

of some plants and animals and the appearance of others 
of their own kind can be blamed on /inheritance? Suppose 
two plants from the same parent plant, for example, had 
different-colored leaves. What besides inheritance might ex- 
I.^X^i'] •S'i P'^i^^ ^^'^^ diffirence? Take a look at Excursion 7-5, ^ Won- 

\^ ^ ^ ' ^ ' derfWhdre ^he Co|or Went." 

What yovi look like usually depends on what your parents 
^ look like, features can be passed , on from generationVtp 
^ generation. But does this always happen? Let's find out. Turn 

J ' to Excursion 7-6, ^^One,Two, Pick-up Sticks." 

^ Are you as you are because of inheritance, or environment? 

I :>X*\ljfW [9]^ ^ See ExcufBlon 7-7, ^^Do Blondes Have More Fun?" for seine 

activities with this idea. 
> * Well, that's it. We hope that you can now give at least 

. a part of an answer to the question ';*\Vhy are you you?" 
The two-bit model' can answer many questions about inherit- 
ance, but as always, there are many more questions' you 
haven't eveij asked: Where \Ao features come fjom in the first 
place? How doejs the offspring change bits of information 
from his parents into"" features? How do such hazards as 
atomic radiation, drjigs, and pollution affect bits.of informa- 
tion? Can a person's bits of information bt3 changed, and 
, ^ ' ' if so, how should they be changed? >^ 

We opened with a question. Wd are closing with many 
questions. That's science. \ ' , 

■ ■ ' ■ V 

, Before going on, do Self-Evaluation 7 in your Record 

Book/ .^.^c^' 
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Excursions 



\ ■ ^0 you like to (akc trips, to try sonlediing din'ereat, (o see 

^ new things? Excursions can give you the chance. In many 

\ . ■ , ^ ways they resemljle chapters. But chapters carry the main 

% . ' ■ . " ' '^^^^"^ ExcursiNis are side trips. They may help you to 

V ' ' " g° further, they may help. you go into ditVorent matcr^l, or 

i - . ' ■ ' ^^^y/^«yy^'st bc.of interest to you. And some excursions arfc 

. ^ provided to iielp you understand difficult ideas. 

Whatever way you get there, after you finish an excursion. 

, > : . • you should return to your place in the te.^t material and con- 

' . ■ ^'""'^ '^if*^ yo»'- work. These short trips can be interesting 

• and diflercnt. 



More on Offspring 



Excursion 1-1 



Male plants and atiimals, including the fruit flics that you 
will use in this unit, make sperm in their bodies. Female 
plants and animals produce eggs, A new plant or ^animal 
starts developing when a sperm from a male plant or animal 
combines with an egg from a female plant of ammal of the 
same^ type. The process of combining is called fertilization. 
But since the sperm and the eggs are often in separate bodies 
(a boy and a girl, for example), how do the sperm and eggs 
get together? Plants and animals have found similar ways 
to make this happen. 

In flowering plants, the sperm are wrapped in a shell. The 
shell with the sperm* inside is called a pollen grain. Animals 
don't wrap the sperm in a shell. Instead, sperm swim freely 
in a fluid. / 

In plants, pollen ^ains containing sperm reach the female 
parts of the flower 'in many ways. Some times the grains are 
carried by the wind or by insects. Sometimes the grains just 
fall from the male part of a flower onto the female part of 
the flower. But because plants depend upon such things as 
the winds and insects to spread pollen, fertilization in plants 
often seems very unlikely. The same thing is true for some 
animals. For example, many male fish just put their spernfi 
into the water. Then fertilization will occur only if these 
' sperm find the eggs that a female fish has dropped elsewhere 
into the watefr. 

Many plants an^ animals have developed ways to increase 
the chance that Uieir eggs will be fertilized. Most living things 
produce millioriis more sperm than eggs. Since it take§ only 
one sperm to fertilize an egg, this means that fertilization 
happens quite often. Also, some plants produce odors or 
bright colors that attract insects. These insects pick hp pollen 
from onesflower and carry it to the rtext one they vjsit. Pollen 
grains from the first flower fall from the insect onto the 




89 



iin 



PIttll 




FIgur* 1 




female pan of the second flower. Many male animals put 
ihcir sperm close to (he egg by putting the sperm into the 
/ body oflhc female. The process of depositing sperm is called 
mating. - 



. PROBLEM BREAK: FROG SPERM 

ChecV \Vith your teacher to find out if male frogs „and a 
L microscQpcUiro available?) If .so, he will prepare a sperm 

microscope slide arid cover with a cover slip (have your ' 
teacher show you the proper use of a microscope first). Then 
place .the slide under the microscope and study it under high 
power. ■ ' . . 

□ 1. Wh^t enables the frog sperm to move? 

In this unit, the term cross will be used many time.s. For 
instance, you will soon be asked to cross two different kinds 
of fruit flies. This means thjv<^you are to let certain male 
flies male with certain female flies. During this mating, the 

ySpefm from one kind of male fly will unite with eggs from 
another kind of female fly. ^ ^ 

What happens after the sperm is put near the egg? In 
plants, a short time after the pollen grain lands on a female 
part of the plant (this is called the pistil), a tube grows from 

' the pollen grain down into the thick base of the plant. This 
is' called the ovary and contains the eggs. After growth the 
pollen tube reaches* and touches the eggs in the ovary, and 
fertilization takes place (see Figure 1). Then the fertilized 
egg begins to grow into a new plant. 

When animals mate, the male puts his sperm intq a tube 
inside the female. This tube leads to the eggs. Fig\irc 2 
diagrams how this happens in the fruit fly that you will be 
working with. 

Once the sperm js inside the female fruit fly, it moves up 
the tube until it locates an egg. Then fertilization occur. 
^ Although the male niay put thousands of sperm cells into 
the female, only one sperm cell can fertilize each egg After 
the fertilized eggs have developed for a short time, the female 
fly lays them. The egg then hatches, and the new fly goes 
through several stages before it becomes an adult. In some 
animals the female keeps the fertilized egg in her body to 
develop. She then gives birth to a fully developed baby. 



Writing Operational Exqursion 1-2 



DeTlrYitlons 



You are d6ing this excursion because you need*to Icaow how 
to write an operational definition of pure strain. . ^ 

Operation is the key word to understand. It means actioh 
or activity. An operational definition tells what operations, or 
actions, you do to identify or measure the thing being de- 
scribed. In other words, it describes what you must do to 
tell ifyouiiave the thing being described or to tell how mucl\ 
ofi*^^ have. If, after reading a definition of something, 
" >^'5wi Icnow -what to" do to identify tl\e thing being defined or 
how to measurcvit, then that definition is an operational one. 



OPERATIONAL 

For example: *'To measure body temperaUire, yoU should: 

1. put a clinical thermometer under your tongue; 

2. leave the thermometer in place for at least two minutes; 
and 

. 3. record the level of iRe mercury column in degrees/' 

A% soon as you have read the definition above, you Jknow 
exactly how to measure body temperature, Thus, the defini-. 
tion is . an operational defmiiioh. 

How about this one? ^ 
•'A tree is a ferge woody plant under which a person .can ^ - 
find a shady place to rest. ' 

This definition of a tree is no/ an operati<inal definition. - 
It does not list the things you must do in order to identify 
a tree. And it certainly doesn't tell* you how to measure 6ne. 
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□ 1- Here is a list of <;)efinitions. Write in your Record Book^ 
the letters of those that you think are operational definitions, 

a. A hammer is something \iscd to drive a nail. 

b. To find the length of something, you place a^ulcr ncxl 
to it with the ni^tnber zero opposite one end and read 
the number thtt the other cn(f^\)f the ruler lines up 

^ with. ^ ' * / 

,£r,,.A«_jApj^^^ can be 

changed during an experiment. - - - , 
d. To find tfut how much time passes, you look at the 
hands of a clock twice and determine how far the hands 
have moved. 

^e. Handedness is determined by finding out which hand can 
cross out the most zeros in thirty seconds. 

t Work is the product of the force in ticwtons exerted 
on an object and the distance in centimeters through 
v^hich the force acts. 

You did well if you wrote letters b, d, 0, and If you 

^ia not list these, you had better go back and reread this 
excursion. 

□ 2. Explain ' why a and c above are not operational defini- 
tions. . ' ^ 

□ 3- Give an operational definition for the following words. 

a. weight 1 

b. force 

C. pure strain ' . 
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Temperature 
arid Life Cycle 



Excursion 1-3 



Since 1909, the common fruit fly has been widely used to 
study the way features are parsed from parents to offspring. 
Scientists have Ic^irned more about the laws of heredity from* 
working with this tiny insect than from working with any 
other animal. ^ 




^ 

The fruit fly is ideal for studying heredity because: « ' 

\. It takes 10 to 20 days tq grow from an egg to an adult 
., fly. ' ' 

2. Its small size makes it easy to keep alive, to handle, . 

and.td store. j 

3. Fruit flics have features that are easy to observe. ■ { 

4. One pair of parent 'flies can produce hundreds of off- ■ 
spring. 

Xhcrc arc disadvantages to the use of fruit flies, too. One y 
is" that changes in temperature aff^ect how long it takes a fruit . / 

fly to grow from an egg to an adult. ^ » ®3 
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Here is an expcrinieni that was done by one student. Joyce 
obtained 80 o(Vsprin.g/rom the same set of parents. She then 
placed )'0 of the Hies in each of eight vials of food. The vials 
were kept at eight different lempcraiures. Here are her data. 

□ 1. Discuss the results of the experiment and write your 
conclusions in your Record Book. ' 

Tabt* 1 



Lcngth of Life-Cycle Stages (in Dnys) 



** Flics did not sum'vc 



Vial 


Fahrcnitcil Temp. 


Lar\'a 


Pupa 


Adult 


1 


50" 


^ ♦ ♦ 






2 ■ 


V 60° 




* ♦ r- 




- 3 


' 65° 


8-18 


1 8-35 


35-40 




70" 


7-16 


16-21 


21-26 V 


5 


75° 


6-15 - 


15-20 


20-26 


■ 6 


80° 


4-8 


8-14 


14-20 


7 


85" 


3-7 


7-13 


13-17 


8 


90° 




• * 


4 ♦ 

_ 1 . 
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A Pyramid 
of Grandparents 



Excursion T -'4 



By this' time you should realize that the two-bit model is a 
very good one. With it, y(p\.\ were able to explain the way 
many features are passed from parents to ofTspring. All you 
had to do was assume that each parent passes one bit of<v 
infpnnation for each of his features to his offspring. But from 
where did the parent get his bits? That's wha't this excursion 
is all about, \ ^ 

Take a look at Figure hVhe figure traces one of your 
fruit flies ,back five generations. > 



Figure 1 



Pampts 5 

0 

Qr«ndpar»nts 4 

grandpa rants 

Qreat-gra^t- 
^randparanta ^ 

^ 

Qraat- 
graat-graat- ,i 
grandparents 



Mother's side 



'Father's side 





t it ii It 




uu m u u u H tiia u tt u u t« tt n 



Number 
In each 
generation 



1 



32 



"^^^ ClI. How many grcaf-greal-grcat grandparents (first ge^ncra- 

1^ tion) (lid your fniil fly have? 

□ 2. Allogpthcr, how many ancestors did your fly have over 
all the generations shown? 

□ 3. Suppose-^an earlier generation were dr^w^n on Figure I.; 
How many great-great-great-great-grandparenls would be 
shown? 

I. - . * 

. •• 

_„ -Well, dcaiLy your imagina/^y fruit fly had a lot of ancestors. 

With this in mind, let's return to the question with which 
this excursion started— where do bits of information come 
from? Try to analyze where each individual in the pyramid 
of Figure I got his bits of iitformation. 

□ 4. Taking one trait such asiye color, did every ancestor 
in Figure I contribute bits,of/lnformation to the eye color of 

^ your fly? 

^ If your answer to question 4 is No, what determined 

which of the ancestors did contribute? 

The pyramid idea can be applied to most plants and ani- 
mals, including humans. In fact, you can use it to make some 
* interesting calculations about your own ancestors. Before you 
try, however, you should know that, on the average; chil- 
dren's birth dates are twenty-five years after the birth dates 
of their parents.- —a 

Using the twenty-five-year figure and your own birth 
date, about when were yotir great-grandparents bom? 

□ 7. Using the twenty-five-year figure, how many of your 
great-great-great-grandparents were alive wlien George 
Washington was Presiderit (1789-1797)? \ 

■ ^ ' , ■ ■ ' " \ . 

□ 8. What determined whether or not ypu received one or 

more bits of information from one of your grcat-grqat- 
grandparcnts? ■ 



/ 



The pyramid idea looks rather simple so far. But suppose 
. v; " one of your great-great-great-grandparents had a sister who 

•6. EXCURSION 1-4 in turn produced offspring and became the great- 
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grcat-greHt-grandparcTjt of someone living (oday. That 
greal-great-greal-granaparcnl would become parl of another, 
separate pyramid. Even so, that other pyramid would be 
related to yours. !n fact, that boy or girl could be in youv\ 
classroom today. Could this be what is meanr by the/ 
**broiherhood of man"? 



I 



Lets look at the problem /'Where do bits of information 
come from?" in another way. This time we'll try to find 
out what has been happening to the world's population over 
a period of time. Figure 2 gives the data you need. 

□ 9. Is the world's population going up, or down, through 
the years? 

□ 10. \yhat is happening over^a period of time to the ra(^ 
at which the population is changing? 

Figure 2 points up something rather interesting. If you had 
continued the chart downward, it would have come to a 
point. According to this reasoning, everyone has the same 
ancestors. 

Figure 2 



Y«ar 



1970 



1900 



1800 



1700 



1600 



1600 



Wofid population (In millions) 



THE 

'UPSIDE-DOWN 
PYRAMID" 



3.500 



1,500 



1,000 



«00 



400 



350 



P11. Asstiming that everyone on the earth has the same 
ancestors, what is your explanation for why everyone has 
cndeid up with diHerent bits of information? 



I 



y ■ 
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You might be inicrcstcd lo know that the vvorld*5 popula- 
^lion went from about 86 million in 6000 UX, to about 350 
million in a.d. !500. This was an incrcas(?^X)f roughly 264 
million in 7,500 years. Experts now believe the world's popu- 
lation will double between now and the year 2000., This 
would be a rise of 3,200 million in only 35 years. This ij 
what the "popwlation cxplosioiV' is all about. Many people 
are worried about how 'we ' will feed and clothe so many 
people, : ) _ 

□ 12, What is your guess as to why the population is increas- 
ing so much faster now than it \\n\s earlier? 

If you'd liJkc to know more about this and related topics, 
read Early Man, by F. Clark Howell, in the Life Nature 
Library (New York: Time-Life Books, 1965), . 
^'I^ow let's compare the two ideas you've be<^n thinking 
about. Take another look at Figures 1 and 2, Figure 1 shov/s 
thai the number of ancestors from which you might have 
'gotten bits of information gets-hrger and larger as you go 
back in time. Figure 2, on the other hand, show^ that the 
world's population gets smaller and smaller as "you go back 
in time and suggests that we all came from the same ancestor. 

PROBLEM BREAK 1 ^ 

How can these two models be fitted together? How can 
the num\jfer of everybody's ancestoirs get larger as you go 
back in time, while the population gets smaller? That's your 
problem now. Think this problem thfough carefully (it's not 
easy); then in your Record Book, describe. how you tJxink 
the models fit together. Feel free to discuss the problem with 
your classmates, your parents, or aniyone els&:^^Good luck! 




Ratio Simplified 



Excursion 2-1 



A ratio is simply j\ way of *tomparing two numbers. For 
example, a ratio may tell you how often opie thing happens 
as compared with anotlier. jHere's ho^^ you set up and^use, 



ratios. 




Example I Suppose you look at 50 cars in a parking lot, 
and you notice that 5'cars are red and 45 cars are not red. 
What IS the ratio of red cars to nonred dars in' that parking 
lot? 



Arrange your data: 



- Number of Cars 



Nonred 



45 



Red 




* ■ 

To arrive at the simplest ratio, divide both numbers by the 
smaller of the two numbers. In this case, the smaller number 
is 5. . • ^ 



Dividing: 



9 i 

5)45 5^5" 



Ratio 9 nonred cars to I red car 



99 



riie iHiio iclls you thai there were nine limes as^m^^ny 
. • nonrcd car,s as there were red cars. By itself, the rntio does y 
^ nor lell you how mnny cars you looked nl in (he first place/) 
(You looked «( 50 cars— not 10.) 

Extimple 2' Suppose 28 men, 13 women, and 10 children 
are waiting in line to get into a hti\\ game. What is the ratio 
of men to women to children? 

Arrange your chfo: . ^ 







Women 


Children 




Men 


Number 


28 


13 


10 



Divide all nunibers by the smallest num|)er, that is, 10. 

2.8 13 1 

Dividing:. ' 10)28.0 10) 13.0 IQJTo 

' ' . , ■ 20 _I0__ 

80 30 
Ratio = 2.8. men to 1.3 women to 1 child 

c 

Usually, but not always, a ratio includes whole numbcre. 
^' ' One way to simplify a ratio is to round it. For instance, the 

• number 2.8 in the last example is nearer to 3 than to 2. You 
could rourid 2,8 to the number 3. Since the number 1.3 is 
nearer to 1 |han to. 2, it can be rounded to 1. The general 
rule in rounding is- to use the higher whole number if the 
■ ;. " fraction is 0,5 or higher and to use the lower whole number 

if the fraction is 0.4 or lower. 

' ^. In whole numbers, the ratio shown in the last example, 

2.8 men to 1,3 women iq 1 child, 
could 'be rounded to • 

3 men to I woman to 1 child. 

It is important to write a rounded ratio in the same order 

in which wliatever it represents is stated. Otherwise, the 

meaning of the ratio will be changed. Notice, for example, 

what would have happened if you had written the rounded 

ratio as 1 to 3 to 1 instead of 3 to 1 to I. You might have 

become confused and assumed that there were more women 
100 EXCURSION 2-1 than men. 
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Now here's a {Problem for you to\solve. 

□ 1. Suppose you had 20 browq disks and 10 colorless disks. 
What is the ratio of brown disks to colorless disks? 

Check your answer to question I against the one given 
at the endY)f this excursion, (f your answer was right, go 
ph to questions 2, 3, and 4. If you were wrortg, po back 
thrOtigh the first two examples again before continuing.- 




□ 2. Suppose there are 600 boys^and 4Q0 girls in^^Tlchool. 
What is the rounded ratio of boys to girls? ^ 

□ 3: Waiting in line to buy theater tickets are 58 chii-dVcn 
and 11 adults. What is the rounded ratio of children to 
adults? 

♦ . > _ 

□ 4. A srnall package, contains 12 red; 8 yellow>>,5 orange, 
and 3 green candies.'M^hat is the rounded ratio of red to 
yellow to orange to green candies? * . . 
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Once again, check your answers with those at the end of 
this excursion If you got any of the problems wrong, review 
your vYork or the first part of this excursiori.. 

When you arc sure you know how to sirhplify a ratio, you 
are ready to go back to Chapter. 2 and work out the ratios 
there. Rennember: any ratio must be written in the same order 
that f)ie groups are listed. Also, keep in Jtiind that a ratio' 
does not tell you the actual number of tim^s things occur. 
It is simply a way of comparing numbers. 



An«w«rs 

1. 2 brown lo I colorless 

2. Either 1.5 boys lo 1 girl or 3 boys to 2 girls 

3. 5 children to I adult 

4. i red lo 3 yellow to 2 orange to I green 
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Don't Flip over This 



Excursion 4-1 



/ 



In your experiment, you've been running into a 3-to-J ratio 
over and over. In Ijeans, for example, you found that brown 
seeds showed up in the second Crop three times as often as 
white beans. JBut why does the 3-to-l ratio appear instead of 
some other ratio? 

. Even though the 3-tO'l ratio continues to appear, would 
you believe that it happens by chance? Let's take a look and 
^cc what we mean by chance or probability — the likelihood 
that an event might occur . ^ 

Chance is commonly written as a fraction between 0 and 
1. For instance, if somethiag can happen two ways, like the 
flipping of a coin, the chance is I for heads and I for tails. 
You. can state the probability in a number of ways. 
What is the chance of flipping heads on a coin? 



\ 



1 to 2 
50-50 
50% 



All these responses are correct 




Jf sonicthing pan never happen, like rolling a seven on 
a die (that's one pf a p^ir of dice), the chance is^^. [f it always 
happens, like flipping heads on a, two-headed coin/ the 
chance is |. 
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Instead of using only one coin, suppose you were \o toss 
two coins at the same lime. Let\s say you have a nickel and 
a dime. Both coins might come lip heads, both might be tails, 
or one might be heads while the other is tails (Figure I). 





Heads-heads 
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Heads-tails 




Tatls-taMs 



Toss 2 coins at least 60 lim* and record the combinations 
that appear in Table 1 in yourVRecord Book. 



Tmb\0 1 



) 



J 



Possible 
Combinations 


Results from 
60 To«s<is 


Nickel 


Dime 


Heads 


Heads 




Heads 


Tails 




Tails 


Heads 




Tails 

3 - - 


Tails 





Look bac|c at Figure 1. You will note that there are four 
combinations possible when you flip two coins at the same 
^time. Thus, your chance of coming up with the four combi- 



nations are these: 

Heads-heads 
Heads-tails 
Tails-heads 
Tails-tails 



— J, or 1 to 4 

— 1» or 1 to 4 

"4» or J to -4 
—i, or I to 4 
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□ 1. How did your data from the Hipping of the two cqinS 
come out?, Out of 60 tosses, did you get ^bout 15 for each 
^of the four combinations (^g ^ 

Perhaps you are wondering why the pattern o\ \ appears 
for each of the four combinations. Remember that for tosses 
of coins the probabihty of heads turning up is ^- The proba- 
bility of tails turning up is, naturally, also \. 

What a,re (he chances when two coins^ axe tossed at the 
same time? Figure % illustrates (he answer.. Remember, we 
aren't interested in what* two coins are used. We just want 
to know whether they wrtVe up heads or tails. 



Figure 2 







{Vi) Head8 


(V^) Tails 


(^7) Heads 


(V4)HH 


(V4) HT 


(Vi)Tail8 


(V4)HT 


(V4)TT 



You can apply what you have just done with coins to the 
bean seeds. In your bean experiment, you began with a 
pure-strain brown-bean parent and a pure-strain white-bean 
parent. Using a chart, you can cross the bean parents and 
find the probability of the. first-generation otfspring. Com- 
plete Figure 3 in your Record Book. 



BACK TO 
THE BEANS 



Ftgur« 3 



0 



pure-strain 
white-bean 
parent 



«Pur«-8traln (^^^ 
brown-bean 
par«nt 

(Vi)B 

•V s ■■• ' 
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□ 2. What were the ratios of your first-generation ofTspring? 
Using the chart in Figure 4 in your Record Book, crc^s two 
of the first-generation offspring. 

> 



Figure 4 



FIrst'-yenOratlon offspring 



/ 



/ 



First-generation 
offspring 



□ 3. What were the ratios of your second-generation off- 
spring? . ; . 

Now what would be the appearance of each of these bean 
seeds? BB would obviously be brown. 

□4. What would Bb seeds look like? 

□ 5. And bb seeds would be what color? 

□ 6. All in all, how many brown seeds would you have for 
every white one? 

Now do you see why the 3-to-l ratio keeps popping up? - 
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A Bit More About Bits E 



Grcgor Mendel deservtis a lot of credit. For seven years 
(1857-1864) he experimented with peas in a quiet monastery 
garden in .Czechoslovakia, only to have his efforts Ignored. 
In fact, the importance of his work was not recognized until 
1900, sixteen years after his death. His work led to the model 
for ''bits of information," the model you've been using. 

Mendel tried to follow what happened to seven features 
as pea plants reproduced themselves. The features were seed 
shlipe, seed color, seed-coat color, pod shape, pod color, 
flower type, and stem length. He crossed pure-strain plants 
for these features and then studied the features of the first- 
and second-crop offspring. Figure I shows the results of his 
experiment. 

From his data Mendel drew two conclusions: 

' I. Two identical pure -strain parents always produce 
'pure-strain offspring like themselves. 
2. When two different kinds of pure-strain parents ^re 
crossed, the first-crop offspring all look like one of the 
parents. If first-crop offspring are crossed, three fourths 
of the second-crop oflfsprirtg will look like one of the 
original parents (from 1 above). One fourth will Ic^ok 
like the other original parent.-' 

Mendel developed a model to explain the results of his 
cxpcrimehts, This tnodel was «lmost exactly like the two-bit 
model you've been using except that he used the term facior 
instead of bit of information, Mendel wrote an article about 
his discovery which was filed away "in libraries. Almost forty 
years later, otlier scientists made the discovery of "bits," and 
these men were led back to Mendel's article. Mendel had 
l)ccn at least forty years ahead of .bis time in making the 
basic assumption that "factors" determine the inheritance of 
features, 
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Mendol'tJ reaultd with two gonoratlons of gfiirden peae 



Features aeleclad 
for oroea 



^<^\ \q\l} y<iiiQuj> 



ikil g nkylyrllni. 




FIrat crop 



Q 




crio 



second crop 



6.474 round aea^a 
1.850 wrinkled Aeedt 

7.324 total 



6,022 yellow aeeda 
2,001 green .aeeda 

8,003 total 



\ 705 gray seed ooata 
224 white seed oOats 



929 total 



\ 882 inflatecf poda 
\ 224 wrinkled poda 

1,100 total " ''""^ 



126 green poda 
152 yellow poda 

"580 total 



Rounded ratio 



3 to 1 



3 to 1 



3 to 1 



3 to 1 



3 to 1 



651 axial flowa^ra 

207 terminal flowera 

858 total 



767 long atama 
277 short a'tems 



1,064 total 



3 to 1 



3 to 1 



\ 



Flgur» 1 
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Menders early success where others had failed wasXduc 
to several things. First, he used & "systems'* approach, fic 
studied orily one feature at a time. Second, \e applied h^is 
knowledge of mathematics to his study. Third,, he built a 
model to actoufit for what he saw. This whole approach 
might be thought of.as "if-then'^ reasoning. His thinking was, 
"7/1 assume these things to be tnie, then I can predict w>iat 
1 sec;\ - . \ / 

Since Mendel's time, other scientist5^ have been trying 
actually to see the bits Qf informatil>n, their studies have 
added much to the two-bit model. 

Well before 1900, the discovery of wh^t are called ce//^- 
had been made. j( was learned that virtually all living things 
are made up-of the tiny cells ttliat can be easily seen uildcr 



a microscope. Wheats arc viewed ihrough a high-powpred 
microscope, many smalle; pans can be seen. One of ihe.se 
parts is called the nucleus. 

' Flgur# 2 



5 y 





Chrpmotomet 



If you were to^magnify the nucleus nuany tijncs, yqu could 
^cc some strands in it that resemble pieces of thread, t'hese 
arc chromosomes. An American scientist, Walter S. Suttonj^/ 
' was th<^,first to notice thait chromosomes are, passed from cell 
to.ccll as Mendel's ''bits of information'' arc passed from 
parent to offspring. Stjll later, it was -suggested that thfc'bits 
Q.f information yvere located on the chromosomes much like 
beads on a string. Although this idea has been changed ^ , 
little since then, we still believe bits of information are irt 
some way attached to chromosomes as they are passed from 
^parent to offspring.^ ^ 

Stientists soon began to call MendcFs "factors" ^enes. The • 
.word "genes*' i? .short for genetic units. Whether we call the 
ftictofs bits, units, or genes/the model still works for explain- 
'ing diid predicting the way features arc passed from parent 
to offspring, ^ * , . 

To see if you have understood this excursion, try to use 
your information about the ninsect youVe be'cn studying. 

* . -t' 

□ 1. 'How many bits are needed for each feature of a ninsect? 

□ 2. What does each ninsect card represent? 

p3. Wftfft do the holes in the cards represent? 

□4. How many bits (genes) are there ort one ninsect chro- 
mosome? . ^ s.-^ 

Q*. How many bits (genesV are needed lo make* one. com- 
plete ninsect? . " . \ 



/ 



\ . 

\ ■ 

\ 
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□ 6. How tnnny chromosomes arc needed to crealc one 
ninscc!? 



□ 7. The ninscct inherits a set of genes. On what arc the set 
of genes found? ' 

^□8. Every animal and plant has two sets of genes for each 
feature. In the n insect, where does each set of genes come 
from? V, . 




A m"ore recent idea has replaced the "string of beads'^' 
chromosome model. Experiments showed that MendcFs bits,- 
the genes, are perhaps made of a chemical called DNA, Two 
scientists, James D. Watson and F. H. C. Crick, made a DNA 
model which looked like a ladder that bhd been twisted 
several times. This model keeps changing to fit new inforhia- 
tion but, at the same time, keeps enough old features to 
explain what ij> already known. Through this building and 
injiproving of the model, our picture 'of a gene will surely 
1)5 different in fifty y<^rs. 

proble)^ BREA| 1 

Several' books tell mor< about the ideas discussed in this 
excursion. One that off'ers pictures of chromosomes and 
drawings of DNA is Evdution, by Ruth Moore, in the Life 
Nature Library (^ew Xork: Time- Life Books, 1 962).. An- 
other book of interest, written by Carleen Maley Hutchins 
and titlqd Life's Key-^DNA, (New York: Coward-McCann, 
1961) off;ers a detailed discussion of the relation of DNA to 
life. Use books like \hese to, add to your understanding of 
why you're you. 
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Peas Again, 

But Double Trouble 



Excursion 6-2 



If you did Excursion 6>1, ,yoii know thai much of our under- 
standing of inheriliince is based upon the work of Gregor 
Mcndcl. One of the factors Mendel studied was seed color. 
He found that the bit of information for yellow seeds masked 
the bit for green seeds. Figure I reviews crosses between 
yellow and green peas so that you can see the way these 
features aje passed. The letters tmder tRe drawings stand for 
^^bits of mformation. Y stands for yellow seed and y stands for 
green seed. 



Pure-9traln, 
yellow-seed 
parent plant 




YY 

First crop 



I 

o 



vy 



Rr»l-crop dffipring plant 




Yy . 



1 



Second crop 



Pure-strain, 
green-se^ 

parertt plant 



yy 



All offspring have yellow seeds! 
First-crop offspring plant 



0 



Yy 




YY Yy Yy yy 



Three yellow seeds 
\o one green seed 



Figure 1 



\ 
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Figure 2 
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Mendel also found these inheritance patterns in studying 
pca^ced texture. He found the bit of information for smooth 
seed masked the bit of information for wrinkled seed. Fig- 
ure 2 reviews the crosses bctwcctn smooth-skin pea seeds and 
vsTinklcd-skin pea seeds. ^ 



Pur©-§traln. smooth- 
seed parent plant 



O 



ss 



FJml crop 



i 
O 



Pure-atrain, wrinkled- 
8oed parent plant 



aa 



All offaprlng have amooth akin. 



Sa 



FIrat-crop offapring 



FIrat-crop offapring 



o 



Sa 



Sit 



Second crop 



ss Sa 



Sa 



aa 



Three aeeda have 
amooth akin and one 
seed haa wrinkled akin. 



You arc about to Icam how to. predict the inheritance 
pattern for two features at a time! Here is your problem. 



Pure-atrain, amooth and 


Pure-strain, wrinkled ind 


yellow aeeda 


green se«d* \. 


o ^ 

1 




SSYY . 


Myy 


Fir«t crop 


All offspring have amooth 




akin and yellow aeeda. 


SsYy 
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If you ch7 not 5eeji6w SsYy appeared, look back to the 
ftrsl-crop dfl'spring in Figures I and 2. 

Now, it you cross two of the first-crop ofTspring, what will 
be the ratio of the second-crop offspring? Table 1, which is 
similar to Figure 2 in Excursion 4-1. shows you how to predict 
the results of this cross. Complete the table in your Record 
Book by filling in^each square like the examples that are 
given: 

Possible Bits of Infonnation , 
(Vom Smooth, Yellow Parent (SsYy) 



1 T«bl# 1 







8Y 


Sy 


«Y 










SY 


SSYY 
smooth, 
yellow 








.1 




Possible Bits of 
Information from 


Sy 








S«yy 

smooth, 
green 




\ 

s 


Smooth, Yellow 
Parent (SsYy) 


sY 






•sYY 

wrinkled, 
yellow 




- 1 


T 

/ 




•y 


.9«Yy 

smooth, 
yellow 








k 

> 


i 




\ 




• \ 











If you have trouble filling in the squares, think about how 
you read graphs. For the top left square, we got SY from 
the top of the grid and SY from the left. Combined, these 
gave us SSYY, which is "smooth yello\y/' 

Now you can summarize the kinds of oflspring that are 
possible in this mating. Just count and record in Table 2 
in your Record Book the number of ofispring with each 
possible combination of features. 



Smooth, yellow-secdejcl plants 




! ■ . — 

Smooth, grccn-$ccdcd plants 




Wrinkled, ycllow-bceded planis 




Wrinkled, green-j>ccded plants 
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The ratio you have just found is quite common in studies- 
of inhcrilancc of two features at a lim'fe. 




□ 1. In this same problem, what is the ratio of smooth seeds 
to wrinkled seeds? (Count them; don't guess.) 

□ 2. What is the ratio of yellow seeds to green seeds? 

You can see from the data that each feature is inherited 
independently. 

il)6 you think you could solve another problem about two 
features at a time? Try this one^ Ninsects also have several 
features some of-which are dominant while others are reces- 
sive. Select two mnsect features and diagram the following 
crosses in your Rec9rd Book. 

a. Cross one parent that is a pure strain for two dominant 
features with another parent that is a pure strain for two 
recessive features. 

b. Cross two first-generation noffspring of thf^ above cross. 
Use the pea problem as a -model for designing your solu- 
tion to this problem. Some of the symbols yon could use 
for ninsect features arc these: 

Eye color: black, white (B, b) v « 

Body color striped, plain (S. s) 
Body shape: round, slender (R, r) 
Stinger: present, absent (P, p) 
Leg length: tall, short (T, t) 
"Antenna: curfy, straight (G, c) 
Wing pattern: plain, spotted (W, w) 
Wing size: large, small (L. I) 
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Red, White, and Pink Excursion 7-1 



In Chapter 7 you were asked to use your two-bit model to 
explain the cross tjiat shown below. This excursion will 
show you o^e possible way to do (his. 

Flgur# 1 \^ 



Par^ntti 



lit crop 




2nd crop 



Let's think about the cross in terms of your two-bit model 
(set page 83 of Chapter 7 for a summary of the model). The 
pure-strain red parent had to have two bits of information 
fpqrrfd^ while^the pure-strain white parent had two bits for' 
white. This means that each offspring had to get one white 
bit from the white parent and one red bit from the red parent. 
This is diagrammed in Figure ^If that figure is not clear 
to you, turn back to Chapter 7 and -review the two-bit model. 

R = A bit of information for red 
W =: A bit of information for white 

1«t crop 



/ 



12S 





WW 



/ 



> 




FIguro 3 
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According to the two-bit r^odcl (hen, each fiVst-crop off- 
spring has one bit for red and one bil for white. In this case, 
the flowerh of>yhose oflspring should have been cither red 
or white dVpcnding upon'>vhich bit masked the other. The 
model as described on page 83 cannot explain the fact that 
the first-crop /lowers were pinL 

Actually, a, very small change in the model will let you 
use it to handle the flower problem. All you have to do is 
change state.me'ni 4 (page 83) bf the model from 

-4. If an individual receives two diflTcrcnt bits of informa«- 
tion for a feature, one bit may mask the other. 

to 

4. If an individual receives two different bits of .informa- 
tion for a feature, one birmay mask the other. Some- 
^ (hneSj however, (he fwo bits will bofh have an effect^ and 
the offspring's ^appearance will be midway between thai 
of pure-strain individuals for each bit. 

Notice that the change lets you explain what happened 
in the firsjl crop of the flower cross. You can simply assume 
..that the l^itVfpr t€S and the bit fo!^ white in the first-<:rop 
offspring both:]iiad an effect and that the offspring became 
pink (halfway between red and white). Notice also 'that the 
change adds something to the model withput destroying it. 
The model w^ill still work for beans, fruitflies, and the like . 

No^^ take a look at Figure where the secortd crop of 
flowers is shown. Try to apply the new model to it. Docs 
it work? 



2nd crop 



Dl/ Use your modified two*bit model to cxpldin why part 
of th6 second crop is pink, part is red, and part is white. 

Want some practice in solving problems like the one with 
morning glories? Try this one. 

□ 2. A white morning glory is crossed with a pink nK)rning 
glory. What may the olTspring look like? 



Hair, Heirs 
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In Chapter 7 you were left with the problem of figuring out 
how a, certain type of baldness is inherited. Your problem 
was to decide what bits of information for baldness might 
be in each individual in the family shown in Figure 7-2 (Fig. 
2 in this excursion). / 



You were told that the bits of information for normal hair 
and for baldness sometimes switch (exchange) their masking 
rbles. Which of the two bits is masked depends upon whether 
the individual is a nian or a woman. In men, the bit (gene) 
for baldness masks the one for normal hair. In women, it's 
the other way around — the bit^(^ normal hair masks the 
one for Baldness. Table 1 summarizes this information. 




Sex 


Masking 


Baldness (b) 


. .- ■■ . 7— 

* Normal Hair (B) 


(Malc)D 


b n^ask:.s B 


,bB or bb 


BB 


(Female) Q 


B mask^ b '. 


bb 


bS or BB 



Tabl« 1 
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Use Table ) to check the information in Figure I and then 
answer the questions (hat follow it. 



Figure 1 



Pft rents 



Offsprtng 




Circle — Woman 
Square = Man 
Black = Baldness 
Blank = Normal hair 



□ 1. How can the male parent be bald when he has one 
B gene for normal hair? 

□2. Since the male parent is bald with Bb, why isn't the 
female (Bb) also bald? 

□ 3,. Wha^t ratio of baldness to normal is there in the male 
oflTspring? 



THESE m mjitm 

FOR NORMAL H/IIR..'* 
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Use the information in Table I to decide which bits of 
information each person has for the baldness feature in 
Figure 2. In your Record Book, under each square or circle, 
write the letters for the bits that person has, as you see done 
in Figure I. Sometimes one person could have more than 
one kind of pair of bits. A black square represents a bald 
man; a blank square represents a ma^" with nonnal hair. 
A blank circle represents a woman with normal hair. 




Figure 2 

( 



Baldness is another feature that makes us alter our two-bit 
model in order to have the modei expiain and predict better. 

□4. In what way was the two-bit model altered to make it 
work so that it^e;cplains and predicts baldness in humans? 

Have you altered your model to explain pink color in 

morning glories? If not, turn to Excursion "Red \Vhite 
^ and Pink " ' ' 



Mm 



Female 
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^ You can check your work in Figure 2 by turning the page 
upside down. 

Aniwer k«y for FIgura 2 



eq eq 6q 

qq qq ee 



. qq 90 88 qq 88 qq 80 

Qq 9q 8q gq 8q oq eq 



Q BOOiiOBO 



98 qq qq qq efl 
qs 8q 8q eq eq 



qq 
eq 



ee 
eq 



ee 

qe 



eq 
qq 



ee 

qe ee 



om 



o 



qq 88 

eq eq 



eq 



hO 



eq 
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Boy or Girl 



Excursion 7-3 



One of the most obvious features of everyone is his or her 
sex. We take for granted the fact that people are either male 
or female. But most of us wonder from time to time just 
how the sex of a baby is determined. How this happens is 
the subject of this excursion. 

If you did Excursion 6-1, you learned what chromosomes 
arc. If you didn't do that excursion, turn to it now and read 
the part that deals with chromosomes. 

Since the studies were made that linked chromosomes with 
bits of information (genes), scientists have been studying 
chromosomes very carefully. There are 23 pairs of chromo- 
somes (46 in all) in every normal human cell, except in sperm 
cells and in egg cells. The chromosomes that make up 22 
of the pairs always ^ look more or less alike (see Figure I), 
But sometimes those in the 23rd pair don't match — one 
chromosome is sometimes much longer and straighter than 
the other The long straight type of chromosome has been 
called an X-chromosome, and the short bent one a Y- 
chromosome. 



Figure 1 



1 ? 3 4 S 7 ft fl 1Q 11 12 13 14 15 16 17 18 19 20 21 22 



9 



t 2 3 4 5 « 7 « 9 10 11 12 13 14 15 16 17 18 19 20 21 22 



l3a 



K 



23 



Mate 



Femsla 



. Cnreful study .shows that the chromosomes in the cells of 
b6ys and men arc diflcrent from (hose in girls and women. 
Boys nnd - men have one X-chromosome and one 
chromosome, while girls^ and women have two X- 
chromosomes. This is shown in Figure 2, 




After the difrei"ences bptween men's and women's chi;o- 
• I mosomes were noticed, scientists used them to develop a 
model for how §ex is inherited. They made the assumpti|)n 
that if a person ^has two X-chroniosomes (in the 23rd pair), 
- then that person is a female. They also assumed that if a 
person has an X- and ^ Y-chromosome, then that person is a 
male. Furthermore, it was assumed that one of each person's 
23rd pair of chromosomes came from his father and one came 
from his mothejr. Figure 3 shows these assumptions. ^ 

Figure 3 * Father Mother 




Notice in Figure 3 that the chances of the oflfsprihg ending 
up with two X-chromosorries arc thie same as for the offspring 
having an X-chrompsome and a Y-chromosoirne. This^ how ^ 
scientists explain the fact that there are about as m^ny boys 
lOfI 7-3^ bom as girls. 
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A BcSVal Problem 



Excursion 7-4 



^Rcady for a royal problem? Merc^ocs! R.ead (hroxiglV the 
problem and ?^it(?mpl lo solve h the best you gi^ri'Mf you h'ave . 
a harrf tinit at first, donH give up. More help will btv,gi^'en 
'later, , ' ...... , , . 

Some" people are born \vf#i rlt real handicap— their blj^od 
docs not clot very well. Thi5 means nhat even jhe slightest !> 
cut bicecis ari^d blCeds. They may even die of lo^5 of Wood 
from tiny scratch. Fe^v such individiTals live lo,rig cn'Ough 
produce .phildren. >; " 

Several rulers of European countries of iht past hyn^jxed 
/ycafs have had'this probleijii. Here's a diagram showtpg the 
jTaaiily^ree of these people. Once again/ dlrcfes represent 
,>feriS'ales j^ind squares repres^eat, males. Black ihdicates that the 
J'pcrson.rs ^t«"bleedfcf'^; white shows that Hh is no),,- 



□-rO.. 



Albert 




Quaon Victoria 



Victoria Edward Alice 




Louis Alfred Holfjna Arthur^ 



H«nry 



6 




|r«ne Victoria EHrabath Ernest Fredrick Alexandra 




Nicholaa 



6 



1 



Waldemar Slgismond Henry 



Olga Tatla>>A Maria Anastaala Alexia 
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□ 1. Docs your two-bit model (scd page 83 for a summary 
of the model) explain (he data in Figure 1? 

□ 2. Which bit seems to mask and which bit seems to be 
masked? , 

OS. How many male and how many female bleeders are 
shown in Figure I? ' 

□ 4. What assumption can you add to your two-bit model 
to explam the number of male bleeders as compared with 
female bleeders? ^ 

Okay, there's your proble;n. The res"t of this excursion is 
devoted to a possrble-answer-tolt:-D6"'n^rerd~o"ii~^u^^^^^^^^ 
you've tried hard to solve the problenl for yourself 




sif you successfully answered the last question, you deserve 
a medal. It's really a tou^h one. To fully understand it, you 
need to know the model for how sex is inherited. Excursion 
7-3 will help you with this if you don't already know it. 

As Excursion 7-3 suggests, you can assume that evejy boy 
and man' shown in Figure I has one Y-chromosome as weU 
as one X-chtomosome. The girls and women shown in the 
figure have no Y-chromosome-only X-chromosomes. This 
IS a good clue to how bleeder's disease is inherited. 

□ 5. In view of the information injhe last paragraph, why 
do you think bleeders are males (»? 

pe. On what chromosome do you suppose the bit of infor- 
mation for bleeder's disease is located? ' > . 
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If you guessed that the. bit for bleeder's disease is carried ' 
on the Y-chroiposome, you did quite well.lUnfortunately, 
however, your hypothesis won't explain eveiylhing you see 



in Figure 1. (Try it and see.) A better approach is to think 
in terms of the X-chromosome. Here's the m#del for the 
inheritance of bleeder's disease that scientists now use— look 
it over carefully. 

1. Some X-chromosomes carry the bit (gene) for bleeder's 
disease (X^). 

2. Other X-chromosomes carry the bit (gene) for normal 
blood clotting (X^). 

3. Y-chroWiosomes don't carry either the bit for bleeder's 
disease or the one for normal clotting. 

4. The bit of information for normal clotting can mask 
(is dominant over) the bit for bleeder s. disease. 



□ 7. Shown below are the pairs of sex chromosomes of two 
men and two women. Using'the model above, decide whether 
each individual is a bleeder or not. In your Record Book, 
write '^bleeder" or "nonbleeder" for each one. 



I- Woman 

XNXN 



b. Woman 
XNxb 



c. Man 
X^Y 



d. Man 

X^Y 



Now take a look at the family tree shown in Figure 2. 
Notice hc|^ the bleeder's disease bits are passed along and 
their effect , 




M6ther 
nofmat 




Parents 



Father 
bleeder 



Children 




Son normal Daughter normal Daughter normal 



Son-in-law normal 



Qrtndchlldren 




Daughter normal Son normal Son bleeder 



Figure 2 
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□ 8. Why is one of the grandsons in Figure 2 a bleeder and 
the other a nonblccder? 

Now turn back to Figure 1. 

□ 9. How do you now explain the fact that not all tfic males 
of this royal family have bleeder's disease? 

You have learned that some features arc said to be sex- 
linked. Features iil^e bleeder's disease are called sex-linked 
because the bits for ttiem fffe thought to be located oii sex 
. " chromosomesrX and Y m ease or humahSTThcrc ar^^^ 

60 sex-linked traits in humans, such as one kind of night 
blindness, myopia, double eyelashes, and one type of color 
blindness. Now, here's a good one for you to answer. 

\ 10, Suppose a male bleeder married a pure-strain female 

who's not a bleeder. Could any of his sons be bleeders? 
V ^ : Could any of his grandsons? Explain. 
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I Wonder Where 
the Color Went? 



Excursion 7-5 



Here's a good chance (o find out if some other variable might 
aflTect th6 appearance of ofTspring. For (his excursion, you 
need the following materials: 

15 tobacco seeds ^ 

1 petri dish with lid 

2 paper towels 
I pair scissors 

ACTIVITY 1. Cu! two pieces of paper towel the size of the 
petrl dish. Place them In the bottom of the dish. Wet the 
f>ap#r towels and pour off any excess water. 



Paper towel 




ACTIVITY 2. Place the 15 seeds onto the paper towel so^that 
•ach seed is separated from every other seed. 
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Lid on 




ACTIVITY 3 Put th« lid on the dith artd gently set It In a dark 
place (•iicti ae a drawer or cupboard). 

Cftutlon If will be fen days before )'Our seeds gern\ii\afe. Be 
.sure fhe seeds do nof dry ouf. Cheek fhe?n E^CRY DA Y and 
add w-nfer JfTfte paper fowel looks dry. Buf donU add foo much 
wafer. Be sure your seeds are watered st//]lcienfly on a Friday 
fo carry fhcm fhrough fhe weekend. 



Aflcr 
Jcavcs. 



fc seeds have sprouted, notice (he color of the 



□ 1. Whal color were the leaves on the tobacco plants? 

□ 2. How did the tobacco plants in (he dish you just observed 
differ from the tobacco plants observed in Problem Break 
3-1? 

□3, Were the differences due to different bits of informiation 
(genes)? 

□ ^Explain your answer to q^ijestion 3. 

□ 5. Suppose you moved the plants grown in the dark to the 
light. What do you predict would happen? Move the plants 
to test your prediction and describe the results. 

□ 6. This experiment shows that something other than' bi 
of infqrmation has an effect upon \Vhat offspring will look 
like What is that "something"? 
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One, Two, 
Pick-up Sticks 



ExcursiDn^7-6 



By now you know that features arc passed from parent to 
offspring through bits of information (genes). If the features 
arc passed along perfectly every time, then life would never 
change. 

The same features should be passed from generation to 
generation. But anyone who has read about dinosaurs or 
fossils knows that changes have been happening. In this 
excursion, you will see a way thai one form of change can 
take place. 

' For this activity, let's assume that you are an insect-eating 
bird. W^wjll let qolorcd toothpicks represent young stages 
of the insects you eat. Colored paper will represent the mate- 
rial on which the insects live. For this activity, you will need 
a paVGicr and these materials: 

1 set of colored pape[ (6 different colors) 
1 box of colored toothpicks 
I pair of tweezers 




ACTIVITY 1. Scatter 30 toothpicks, hall ol one color and hall 
of another color, pn a piece ol paper whose color matches 
that ol one ol fh^ toothpicks. Do not let your piirtner see you 
do this. ^4; ^ 
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ACTIVITY 2. Move Into a dimly lit area, Have your partner pick 
up As many toothpicks as possible vyith the tweezers In Ave 
seconds. 
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HINJ^ If you do not have a watch with a second hand, you 
„niay estimate the time by counting etc. 

□ 1. How many toothpicks die! your partner pick' up that 
matched the colored paper? that did not match the paper? 

Exchange roles with your partner so that each of you has 
the chance to play bird. 

□ 2. How many toothpicks did you pic^ up that matched the 
colored paper? that did not match the paper? 

□3. How did your partner's results compare with your 
results? 

□4. Explain the results that you and ypur partner got. 

» ' • . > ■ ■« , ^ 

Try diflTerent combinations of colored paper and toothpicks 
to confirm your results. ^ 



Us 



This simple experiment can be applied to the inheritance 
of features. Ljons, toads, robins, sharks, wolves, and hawks 
have at least ohc thing in common All of them prey iipOn 
other aainials for food. To survive, these anjmals jnust find 
and capture the animals th^ feed upon. The survival of the 
prey depends upon its abmty to avoid being caught. Any 
~(calufc,'of the prey that makcs it d i fficfll t to ciftch~is"im portan 
for its survival. 

Color is a comr\ion and important feature. Some animals 
match their background very closely, but others don't Let's 
use how well an aninial matches its background as we con- 
sider survival. ^ 




•V. ■ ^5,:- li-, 



Suppose a particular moth is preyed upon by birds. During 
the daytime this moth is found on the trunks of trees. Both 
the trees and the nioths vary in 'polor. That is, some moths 
arc^iglitcr pQlored than others. The same holds true for the 
^c$: Because of the Variation in^the color of tree trunks and 
moths/some moths are 'more easily -seen by'btrds than are 
bthers^is they Test on tfee trunks^ t 



P5- What color combination of moths and trees would* iMkke 
the moths less likely to be eaten by birds? ^ 
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Now let's suppose there is a change in thc-^forcst where 
the n;)oths Hvc. Smoke from a large factor)^ buili nearby stains 
the bark of all the trees. No lorjgcr arc there any light-colored 
trees. Light-colored moths arc now easily seen against any 



tree. "^-^ 




□ 6. Which moths would be most likely and which least 
likely to survive in tlfis changed forest? 

Those moths that are most-casily seen are less likely to 
siirvivc^nd to pas^ bi^t^of informa tion on <p offspring. 

□ 7. In time, what changes do yoil predict will occur in the 
qolor of the moths living in the changed forest? 

□ 8. What conclusions do you reach regarding the inheri- 
tance of color among these moths? 



J 
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Do Blondes Have 
More Fun? 



Excursion 7-7 



You have seen that assuming that features ai^e controlled by 
bits of information can be a very useful model. But are bits 
of information the only variable involved in what individuals 
look like? If not, are they the most important factors? Let's 
sec. 

Tabic 1 contains seven features that depend upon the 
environment Complete the table in your ^Record Book by 
placing an X next to the environmental factor(s) that you 
think can affect each feature. 



FEATURES 


ENVIRONMl^NTAL FACTORS 


Sunlight 


Exercise 


Diet 


Skin tanning ^ 








Freckles 








InttUrgence 








Hair color 




■ r 




Weight 








Size of muscles 


K 






Handedness 









□ 1. List some other human features that you think are 
affected by the person's environment. 

□2. Which do you think is morp important in determining 
how a person looks — his bits information or environmental 
factors? 




Tabl« 1 
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This Ia3t question raises a problem that has been discussed 
over and over again. It is often called the **Nature— Nurture*' 
problem. You might like to sec what other books have to 
say about it. Some researchers argue that the environment 
(Nurture) is more important in deternvinjrig what a person 
is like. Others place greater importance ot\ the bits of infor- 
mation a person inherits (Nature). Every9ne> agrees, however, 
that both environment and bits of information are important. 



□ 3. Could you change the bits of information you received 
from 5'our parents? ^ ^ 

□ 4. Could you thange your environment? 

□ 5. How could you affect the degree to which some of your 
features develop? 

□ 6, This excursion suggests a very important question — Can 
a change in the features of a parent thatr is caused by Ihc^ 
environment be passed on to offspring? Questions 7 through 
10 point up the problem. (Just look them over now; don*t 
try to answer them yet.) 



str 



□ 7, Would a weight Hfter's children ha\^ stronger mtiscles 
because of tjie amount of exercise he takes? ^ 

□ 8. Would the children of a man who works in the sun all 
day be born 'darker because of his exposure? 

□9, If some day you go to college, will your children be 
born smarter because of your education? 

□ 10. Will the children^ of a world's-record-holdirig runner 
be able to run faster than their friends? If sO, why? 

Your, problem is to study this subject in whatever books 
and magazines you can find. Try your own school library 
and, if one is available, a public library. An encyclopedia 
might help, too. Your teacher may be able to suggest what 
books are availatljle. . 

When you think you have an answer to question 6, write it 
in your Record Book; then answer questions 7 through 10. 
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